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In  1972  and  1973  studies  were  conducted  on  various 
quantitative  and  qualitative  aspects  of   'African'  and 
'Florida  66'   alfalfa.     Florida  66  is  a  new  cultivar  that 
has  been  selected  in,   and  for,   Florida  where  other  unadapted 
alfalfas,   e.g.,  African,  previously  failed  to  persist. 

At  the  3-  and  6-week  cutting  intervals  in  Experiment  I, 
Florida  66  had  greater  total  nonstructural  carbohydrate 
(TNC)   root  reserves  and,   consequently,   greater  persistence 
and  DM  production  than  African.     A  more  developed  tap-root 
system  found  in  Florida  66  may  also  contribute   to  plant 
longevity  through  anchorage  and  access  to  nutrients 
further  afield. 

Following  each  defoliation  of  alfalfa  in  the  field, 
TNC  levels  dropped  steadily,   possibly  due  to  withdrawal" 
by  the  initial  regrowth.     Also   in  winter  root  TNC  dropped 
considerably,   evidently  due  to  utilization  by  alfalfa 
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plants  for  respiration  and  maintenance  through  a  period  of 
little  or  no  growth.     The  3-week  cutting  interval  severely 
and  progressively  reduced  TNC ,   regrowth  potential,  stand 
persistence  and  DM  yields  of  both  alfalfas.  Regression 
equations  were  developed  for  the  estimation  of   current  root 
TNC  using  the  weight  of  regrowth-in- the-dark ,   the  two  of 
which  were  highly  and  positively  correlated. 

The  productivity  of  Florida  66  at  different  rates  and 
frequency  of   fertilization,   harvesting  schedules  and  stage 
of  growth  was  studied  in  Experiments   II,    III  and   IV.  Al- 
falfa's basic  requirements  for  soil  pH,   Ca,  Mg  and  micro- 
nutrients  were  met  through  liming  and  periodic  application 
of  fritted  trace  elements.      There  was  no  response  to  P 
fertilization.     However,   DM  production  and  stand  persistence 
of  Florida  66  were  increased  by  K  fertilization  up  to  the 
highest  rate   (372  kg/ha/year).      Response  to  split  applica- 
tions at  higher  rates  was  evident  only  in  the  second  season. 

At  early  stages  of  maturity,   alfalfa  hay  was  low  in 
neutral  detergent   fiber   (NDF) ,   high  in  crude  protein  (CP) 
and  in  vitro  and  in  vivo  OM  digestibility,   but  was   low  in 
CP  and  digestible  organic  matter    (DOM)   yield  per  hectare. 
The  highest  yield  of  DM,   CP   and  DOM  per   hectare  were  obtained 
from  a  6-week  fixed  cutting  interval.     Generally,  second- 
season  Florida  66  had  higher  CP  and   IVOMD,   but   lower  DM 
yield  per  hectare  than  the  first-season  crop. 
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At  similar  cutting  intervals  within  a  season,  subse- 
quent cuts   tended  to  have  higher  NDF  but  lower  digestible 
OH  and  CP  intake  and  digestibility.     Between  maturity 
groups,   digestible  OM,   CP  and  NDF  intake  and  digestibility 
diminished  with  increasing  maturity.     Chopped  hay  which 
was  used  in  the  sheep  feeding  trial  contained  lower  CP, 
higher  NDF  and  was  less  digestible    (IVOMD)   than  alfalfa 
field  samples  mainly  due  to  loss  of   tender  parts  during 
the  process  of  hay-making  and  handling.      Leaf-to-stem  ratio 
in  alfalfa  declined  with  maturity.     At  all  the  three  stages 
of  maturity   (3-,   4.5-  and  6-week),   the  leaf  fraction  had 
higher  CP,    IVOMD  and   lower  NDF   than  the  stem. 

A  high  and  positively  significant    (P  <  .001)  correla- 
tion  (r  =  +   .96)  was   established  between  IVOMD  and   in  vivo 
OMD  of  Florida  66.      Slight  under-estimation  of  in  vivo  OMD 
was  unavoidably  due  to  selection  by  sheep  of  the  hay  offered. 
There  was   a  positive  and   significant   relationship  between 
digestible  CP  intake  and  %  CP,   digestible  OM  intake  and  OMD. 
The  value  of  alfalfa  as  a  high  protein  feed  for  livestock 
and  an  imminent  source  of  protein  for  human  consumption 
was  further  demonstrated  by  high   levels  of  CP   in  Florida  66 
alfalfa,   even  at  advanced  stages  of  maturity. 
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CHAPTER  I 


INTRODUCTION 

Alfalfa  is   the  most  widely  grown  forage  legume  in  the 
United  States.     More  than  95%  of   it  is  fed  to  ruminant 
livestock  as  hay,   silage,   and  greenchop,   the  intake  of  which 
is  usually  greater  than  that  of   grasses  of  equal  digestibi- 
lity.    Alfalfa  is  an  excellent  source  of  Ca,   Mg ,   P,  and 
vitamins  A  and  D,  while  its  protein  is  reportedly  better 
than  most  of  the  plant  proteins,   and  nearly  comparable  to 
milk  and  other  animal  proteins.        It  also  has  a  better  dis- 
tribution of  essential  amino  acids  than  soy  protein.  Cur- 
rently,  in  Wisconsin  and  California  research  is   in  progress 
toward  devising  and  improving  systems  and  processes  of 
extracting  protein  from  alfalfa,   a  relatively  cheaper  source, 
to  be  used  for  human  consumption  and  in  animal  feed  sup- 
plements . 

Under  Florida's  hot  and  humid  climate,  previously 
available  alfalfa  varieties  have  acted  more  like  annuals 
than  perennials   because   of   the   loss   of   stands   during  the 
long  summer  period.      Stands   are  often  so   sparse  by   the  end 
of  the  first  harvest  season  that  further  production  becomes 
uneconomical   (167,   179).     The  expense  and  uncertainty  of 
establishing  a  new  crop  of  alfalfa  each  year  has  further 
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minimized  its  production  in  the  state.     Thus,   of  all  the 
alfalfa  produced  in  the  United  States,   much  less   than  1% 
is  in  the  state  of  Florida.      Similar  decline  in  growth  of 
alfalfa  plants,   often  referred   to  as  a  "summer  slump"  has 
been  reported  from  the  warmer  southwestern  United  States 
(72,   176,  177). 

The  persistence  of  alfalfa  has  been  found  to  be 
closely  related  to  the  level  of  carbohydrate  reserves  stored 
mainly  in  the  roots   (81,   83,   84,   187,   244).  Consequently, 
the  failure  of  alfalfa  to  persist   in  Florida  has  been  attri- 
buted mostly  to  the  loss  of   carbohydrate  reserves  caused  by 
the  longer  duration  of  high  temperature  under  which  plants 
respire  at  a  high  rate  over  a  long  period  of   time.  Respira- 
tion is   the  oxidation  of  carbohydrates  to  carbon  dioxide, 
water,   and  energy.      Energy  may  in  turn  be  used  for  growth 
or  wasted  as  heat. 

If  the  energy  is  used   for  growth,    the  faster  growth 
brought  about  by  the  increase  in  respiration  may  result  in 
more  frequent  harvests.     Thus,   a  greater  percentage  of  the 
carbohydrate   from  photosynthesis  would  go  into  top  growth 
and  less  would  be  available  to  replace  root  reserves.     A  more 
frequent  harvesting  schedule  may  also  remove  younger  plants 
which  will  not   have   formed  a  full   canopy  of   leaves  needed  to 
completely  intercept   the  available  light   energy  and   to  synthe- 
size enough  food   for  growth  and   storage.      It   is  also  possible 
that  under  Florida's  climatic  conditions,   alfalfa  is  harvested 
sooner  after  seeding,    thereby  reducing   the  time  available  fo: 
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root  growth  and  food  storage. 

Subsequently,  weakened  alfalfa  plants  become  more  sus- 
ceptible to  diseases  and  other  injurious  factors,  while  the 
thinning  stands  encourage  rapid   ingress  of  weeds. 

'Florida  66'   alfalfa  was  developed  under  Florida's  hot 
and  humid   conditions   through  generations  of  extended  selection 
pressure,   and  recently  released  to  growers  in  the  state.  In 
a  few  field  trials  reported  so  far,   it  has  consistently  out- 
yielded  and  outpersisted  all  varieties   tested,  including 
'African',   a  nonhardy  and  unselected  variety. 

The  main  factors   contributing  to  Florida  66  alfalfa's 
excellence,   be  it  carbohydrate  reserves  or  other  agronomic 
characteristics,   need  to  be  better  ascertained,   along  with 
suitable  management  practices  that  would  maintain  or  enhance 
its  productivity  and   feeding  value. 

The  investigations  reported  herein  comprised   four  experi- 
ments.    The  first  experiment  was  designed  to  study  the  effect 
of  season  and  stage  of  maturity  on  the  trend  and  levels  of 
carbohydrate  reserves   in  relation  to  the  faculty  of  regrowth, 
herbage  yield  and  persistence  of  African  and  Florida  66 
alfalfas.     The  purpose  of   the  three  other  experiments  was 
to  provide  contemporary  data  on  Florida  66  alfalfa's  response 
to   fertilization,   cutting  schedules,   season  and  stage  of 
maturity  in  terms   of  herbage  yield,   persistence,  nutrient 
recovery,   chemical  composition,   and  feeding  value. 


CHAPTER  II 


REVIEW  OF  LITERATURE 

The  Alfalfa  Plant 
Alfalfa   (Medlcago  sativa  L.)   is  a  herbaceous  plant  of 
the  family  Leguminosae  and   subfamily  Papillonoideae.  Its 
erect  stems  usually  reach  a  height  of  60  to  90  cm.  There 
may  be  from  5  to  25  or  more  stems  per  plant,   rising  from  a 
woody  crown  from  which  new  stems  grow  when  the  older  ones 
mature  or  are  cut.     The  root   system  has  a  distinct   tap  root 
which  under  favorable  conditions  may  penetrate  the  soil  7 
to  9  m  or  more   (88) . 

Alfalfa's    Origin  and  Adaptation 

Alfalfa  evolved   in  the  Near  East  and  Central  Asia,  a 
region  of  late  springs,   short  dry  summers,   and  low  humidity. 
The  soils  are  well  drained,   typically  near  neutral  in  pH, 
and  with  a  high  lime  content   in  both  the  soil  and  subsoil 
(34). 

Under  natural   conditions,    such   as   those   found   in  its 
center  of  origin,   alfalfa  does  well  under  high  light  inten- 
sity and  cool  temperatures  rather  than  cloudy,   humid  and 
hot  conditions.     Alfalfa  tolerates  drought,   but  conversely 
it   does  not  withstand   flooding.      Murata   et   al.    (150)  showed 
that  the  soil  moisture  could  be  reduced   to  35%  of  the  water 
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holding  capacity  of  a  soil  before  affecting  the  photosyn- 
thesis and  growth  of  alfalfa.     This   inherent  character- 
istic is   in  addition  to  the  deep  root  system  which  enables 
alfalfa  to  draw  moisture  from  soil  depths  below  the  root 
range  of  many  plants   (96,  113). 

The  first  recorded  attempt  to  grow  alfalfa  in  the 
United  States  was   in  1736  in  Georgia  where  it  had  little 
success  due  to   the  typically  shallow,   poorly  drained  acid 
soils   and  humid   climate  of   the  eastern  states    (33).  It 
was  not  until  1850  when  it  was   introduced   into   the  west 
coast   that   it  really  succeeded  on  the  deep  loam  soils  whose 
porous  subsoils  permit  good   internal  drainage.  Alfalfa 
requires   large  amounts   of   lime  and  does  not   do  well   on  soils 
which  are  decidedly  acid    (38,   255).     Alfalfa  also  grows 
extremely  well   in  dry  climates  on   fertile   soils  where  there 
is   sufficient  moisture,    such  as   in  soils  under  irrigation. 

Since  its  major  expansion  in  the  19th  century,  better 
adapted  and  improved   ecotypes  of  alfalfa  have  evolved  in 
different   areas   of   the  world   through  natural   and  farmer- 
imposed   selection   (118) . 

The  Development   of  African  and   Florida   66  Cultivars 

Florida   66   is   a  non-hardy  alfalfa  which  was  developed 
by  Horner    (94)    for  well  drained   soils   in  Florida  through 
extended   selection  pressure  under   humid   conditions.  Seed 
used   to   produce   foundation  seed   of   Florida   66   came  from 
the  planting  made   in   1963   and   harvested   in  1966,   which  was 
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the  sixth  generation  of  selection  from  the  original  100 
alfalfa  varieties  and  introductions  obtained  from  the 
U.S.D.A.   at  Beltsville,   Maryland,   and  planted  at  Gaines- 
ville,  Florida,    in  1950.     Florida  66  was  released  as  a 
named  variety  in  1967. 

In  field  trials,   Florida  66  has  consistently  out- 
yielded  and  out-persisted  all  other  varieties  tested, 
in  the  second  and  up  to  the  third  harvest  year   (94,  167, 
179) .     These  workers  have  reported  that   intensive  manage- 
ment was  the  main  factor  in  its   successful  production. 

African  alfalfa  was  introduced  from  Egypt   to  Cali- 
fornia in  1924    (33).     The  original  stock  was  labelled  as 
U.S.D.A.,   F.C.   31370  Hegazi  alfalfa.      Seed  from  selected 
plants,   that  survived  during  several  years,   was  increased 
as  African  and  is  now  maintained  by  the  California  and 
Arizona  Agricultural  Experiment  Stations. 

African  alfalfa  is  reported  as  having  very  little 
dormancy,    and   that   it  grows   late   in  autumn  and   early  in 
the  spring   (33).      It  is  adapted  only  in  the  extreme  south- 
ern and  southwestern  United  States,  where  stands  seldom 
last  more  than  three  years    (167,    179).     The  varieties 
Moapa  and  Sonora  were  sel  ected  from  African  alfalfa   (89) . 

Alfalfa  Nutrition  and   Fertilizer  Use 

Introduct  ion 

Until  about  1960  alfalfa  yields   in  the  United  States 

rarely  exceeded  5   tons/acre.  Recently,   yields  of   from  8 


to  16  tons/acre  have  been  reported   (5.   42.   67).  Increased 
use  of  fertilizer,  among  other  practices,  has  been  cited 
as  being  responsible  for  the  increased  yields. 

When  alfalfa  is  managed  for  maximum  production,  more 
frequent  cutting  results  in  higher  yields,  higher  quality, 
and  greater  nutrient  removal   (218).     More  frequent  cutting 
also  results   in  harvesting  of  younger  plants   that  have  a 
higher  concentration  of  mineral  elements    (29).      In  turn, 
this  has   increased  the  need  for  more  fertilizer  use  in 
order  to  replace  nutrients  in  the  soil  which  are  periodi- 
cally lost  through  heavy  crop  removal   (28,  218). 

Soil  Acidity  and  Liming 

The  optimum  pH  for  alfalfa  production  varies  consider- 
ably,  depending  on  soil  texture,   organic  matter,   and  Ca  and 
Mg  content.     Under  most  situations  a  soil/water  pH  value 
between  6.5  and  7.5  has  been  reported  as  being  ideal  for 
maximum  alfalfa  production   (38,  255). 

The  main  purpose  of  liming  is  to  correct  soil  acidity. 
In  addition,   liming  provides  Ca   (from  agricultural   lime)  or 
Ca  and  Mg   (from  dolomitic  lime),   as  plant  nutrients.  Calcium 
promotes   root  development  of  alfalfa,   and  is   essential  for 
nodulation  and  N-fixation   (242).      m  acid  soils,  Pohlman 
(165)   reported  that   fibrous  feeder  roots  and  nodules  were 
confined  to  the  limed  layers.     Liming  reduces   the  solubi- 
lity of  Al  and  Mn.  which  are  believed   to  be  the  primary 
cause  of  poor  growth  of  alfalfa  in  acid  soils   (242).  Liming 
increases   the  availability  of  Mo    (117)   and  P   (242).  Overliming 
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may  decrease  the  availability  of  P  (255). 

Although  alfalfa  takes  up  large  amounts  of  Ca,  defici- 
ency of  this  element  under  field  conditions  is  said  to  be 
rare  (252). 

Nitrogen 

The  N  level  of  healthy  alfalfa  plants  at   first  flower 
has  been  reported  to  be  around   3%   (152),    the  younger  por- 
tions of  the  plant  containing  a  higher  percentage  of  N 
than  the  older  portions. 

Properly  inoculated  alfalfa  will  fix  large  quantities 
of  atmospheric  N   (45).     Thus,   N  is  seldom  applied   to  pure 
alfalfa  stands,   although,   on  poor  soils,   a  small  amount  at 
seeding  time  may  be  necessary  to  enhance  seeding  growth 
until  rhizobia  in  root  nodules  are  able  to  fix  atmospheric 
N   (18).     The  general  conclusion  is  that,   alfalfa  and  alfalfa- 
grass  mixtures  composed  of  one-third  alfalfa  or  more  do  not 
respond  markedly  to  N  fertilization  (173). 

Phosphorus 

The  P  concentration  in  oven-dry  alfalfa  has  been  report- 
ed to  be  in  the  range  0.2   to  0.40%,    the  critical  level  being 
around  0.25%    (24,    78,    152).      Acid   soils   contain  large  amounts 
of  active  Fe  and  Al,   while  alkaline  and   calcareous   soils  con- 
tain Ca.     The  more  acid  the  soil  is,    the  less  soluble  the 
iron  and  aluminum  phosphates  will  be.      Calcium  phosphates 
begin  to  form  at  about  pH  6.0,   where  they  are  most  soluble. 
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and  their  solubility  decreases  as  the  pH  increases.  Thus, 
liming  can  have  a  pronounced  influence  on  availability  of 
soil  P   (163) . 

Rate  of  application  of  P  fertilizer  depends  largely 
on  the  amount  of  available  P  in  the  soil  and  the  yield 
level  of  the  alfalfa.     Phosphorus  is  not  lost  from  most 
soils  by  leaching  and  the  amount  removed  by  alfalfa, 
especially  immediately  after  application,   is   low  and  usual- 
ly in  the  range  of  10  to  30%  of   that  applied  (67). 

Phosphorus   is  absorbed  very  rapidly  by  young  plants. 
Seatz  and  Stanberry   (183)   stated   that  by  the  time  a  young 
plant  has  attained  about   25%  of   its  total  dry  weight,  it 
may  have  already  accumulated  as  much  as   75%  of   its  total 
P.     Levesque  and  Katcheson   (125)   have  stressed  the  impor- 
tance of  P  availability  for  survival  of  alfalfa  seedlings 
in  the  4-  to  6-week  stages  of  growth  when  soil  tempera- 
tures are  low.     However,    there  appears   to  be  no  yield 
advantage  in  later  harvests    (50,  100). 

Phosphates  are  relatively  immobile  in  most  soils. 
Depth  of  penetration  of  P  appears  to  be  related   to  rate  of 
P  applied  and   to  soil  texture   (90,    186).      Sandal  and  Garey 
(181),   using  40   lbs/acre   of   P2O5   increased   the  P  slightly 
in  the  2-   to  3-inch  layer,   while  an  annual  application  of 
120  lbs  of  P205/acre  increased  P  in  the   top   15   cm.  Drake 
and  Stewart    (75)   obtained  higher  yields  of  alfalfa  from 
deep  placement  at   20  cm,    in  addition  to  surface  banding  of 
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P  at  seeding  time.     Also,  with  deep  placement  of  P,  less 
wilting  of  alfalfa  plants  was  observed  during  dry  weather. 
However,    top  dressing  results  in  less   fixation,  since 
applied  P  comes  in  contact  with  a  smaller  quantity  of 
soil  than  P  which  is  disked  in.       The  effectiveness  of  top 
dressed  P  is  apparently  due  to  the  zone  of  high  root  activ- 
ity  of  alfalfa  plants  near  the  soil  surface   (75,   99)  and 
the  absorption  of  some  of  the  P  by  the  crown  (220). 

Studies  have  indicated  that  there  does  not  appear  to 
be  a  great  deal  of  difference  in  the  response  obtained 
from  applying  a  large  initial  application  of  P  as  compared 
to  smaller  annual  applications    (93,  215). 

Alway  and  Nesom   (4)   and  Nelson  and  MacGregor  (153) 
reported  an  increase  of  about  1%  crude  protein  in  alfalfa 
with  the  addition  of  P  fertilizer,   especially  in  deficient 
soils.     However,   Hoff  and  Dotzenko    (93)   and  Schmehl  and 
Romsdal   (182)   reported  no  effect  on  percent   crude  protein, 
although  dry  matter  yields  were  significantly  increased. 

Potass  ium 

Potassium  is  present  in  alfalfa  in  a  higher  concentra- 
tion than  any  other  mineral  element  with  the  possible  excep- 
tion of  N.     Recent  studies  have  suggested  that  concentrations 
of  2%  or  higher  in  oven-dry  herbage  are  necessary  for  maxi- 
mum yields  and  longevity   (68,  114). 

Stage  of  growth  has  a  very  pronounced  effect  on  K  con- 
centration in  alfalfa,   often  to  a  greater  extent   than  its 
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availability  in  the  soil   (227).     Young  plants  tend  to  be 
high  in  K,   and  as  the  plants  mature,   the  percentage  of  K 
decreases   (29,   68,    115).     With  frequent  cutting  at  a 
young  stage,   the  concentration  of  K  in  the  plant   is  found 
to  be  higher,   thereby  increasing  the  significance  of  K 
fertilization.      If  adequate  K  is  not  present,  alfalfa 
stands  quickly  degenerate  to  grasses  and  weeds  (151). 

Losses  of  soil  K  occur  due  to  leaching,  erosion  and 
cropping.  Potassium  availability  can  also  be  reduced  by 
excessive  rainfall,  resulting  in  a  lack  of  oxygen,  which 
is  required  for  respiration  and  K  uptake  (131). 

Smith   (191)   demonstrated  that  under  cool  temperatures 
the  K  concentration  of  alfalfa  was  lower  than  under  warm 
temperatures,   even  though  the  available  soil  K  was  high. 
Consequently,   Smith   (195)   advised  that  a  higher  level  of 
exchangeable  K  in  the  soil  would  be  required   to  ensure 
adequate  K  in  the  plant  when  temperatures  are  low.  Oliver 
and  Barber   (160)   reported  that   the  efficiency  of  K  uptake 
appeared  to  be  closely  related   to  the   total  root  area  of 
the  plant,  while  transpiration  rate  had   little  effect  on 
rate  of  K  uptake. 

Potassium  affects  a  number  of  plant  processes,  which 
include:    U)    synthesis   and   degradation  of  carbohydrates 
and  translocation  of   starch  resulting  in  greater   leaf  area 
and  a  delay   in  leaf   senescence;    (il)   N  metabolism  and  syn- 
thesis of  protein,   thereby  reducing   the  level  of  non-pro- 
tein N;   and    (iii)   promotion  of  growth  of  young  meristems. 
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Thus,   if  K  is  deficient,   N  tends  to  accumulate  in  the  plant 
as  soluble  non-protein  N  and  the  resulting  amino  acids  are 
not  readily  assimilated  into  protein   (214,  248). 

Dionne   (63)   and  Klebesadel  and  Brinsmade   (116)  reported 
that  the  percentage  of  crude  protein  in  alfalfa  was  unaffected, 
or  slightly  depressed,  while  dry  matter  yield  and  total  crude 
protein  production  increased  with  increasing  rate  of  K 
fertilization. 

The  rate  of  K  required  can  be  determined  by  knowing 
the  amount  of  K  in  the  soil,   and  how  much  K  the  alfalfa 
crop  will  remove.     The  difference  is   then  made  up  with  the 
addition  of  K  fertilizer   (174) .     Some  soils  have  sufficient 
K  reserves  to  withstand  mining,  while  others  do  not.  Buker 
(42)   applied  249  lbs  of  K/acre  and  removed  520  lbs  of  K/acre 
with  a  dry  matter  yield  of  8.2  tons/acre.     Drake  et  al.  (68) 
demonstrated  the  increasing  importance  of  K  fertilization  in 
the     years  after  establishment,   by  increasing  alfalfa  yields 
7,  45,   130  and  450%,   respectively,   the  first,   second,  third 
and  fourth  years. 

Broadcast  applications  of  a  very  high  rate  of  K  as  KCl 
at  establishment   time  may  cause  some  temporary  injury  or 
possible  thinning  of  stand  due  to  a  high  concentration  of 
chlorine   (99,   195).      It  may   thus  be  necessary  to  apply  the 
K  fertilizer  in  split  applications  or  to  use  K^SO^.  Broad- 
cast applications  of  K  on  established  alfalfa  appear  to  be 
effective,   and  recovery  of  essentially  all   topdressed  K  has 
been  noted   (64 ,   99) . 
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It  has  been  shown  that  penetration  of  topdressed  K  is 
largely  limited  to   the   top  few  inches  of  the  soil  profile 
except  in  sandy  soils   (51,   65).     With  adequate  moisture, 
the  yield  of  alfalfa  may  not  be  affected  by  lack  of  move- 
ment of  K.     However,   Barber   (14)   observed  that  in  dry  years 
yields  may  be  reduced  considerably  since  the  plant  must 
feed  at  greater  depths  where  the  level  of  available  K  may 
be  quite  low. 

Long-term  studies  have  demonstrated  that  persistence 
of  alfalfa  is   largely  dependent  upon  the  relative  abundance 
of  K   (38,   90,   131).     At  least  one  annual  application  of  K 
has  been  recommended   (51,   119),  while  two  or  more  applica- 
tions have  been  advised  on  sandy  soils,   especially  when  the 
growing  season  is  long  and  yields  are  high   (178).      In  north- 
ern Florida,   Ruelke  and  Prine   (180)   reported  no  significant 
difference  in  yields  between  fertilizer  rates  the  first 
harvest  season,   but  hay  yields  and  plant  persistence  declined 
less  the  second  third  harvest  season  where  2240  and  3360  kg/ha 
of  0-10-20   (N-P20^-K20)   was  used.     Four  split  applications 
during  the  same  harvest  season  were  not   significantly  better 
than  two  split  applications  at   the  same   rate.  Significant 
differences  in  hay  yields  in  response  to  split  applications 
of  1120,   2240,   and  4480  kg/ha  were  not  obtained  until  the 
third  season. 

Kimbrough  et  al.    (115)   noted  that  yields  and  leaf  area 
indices  of  alfalfa   increased   faster  with  liberal  than  with 
low  K.     Furthermore,    cutting  intervals  were  shortened,  there- 
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by  allowing  an  additional  cutting  during  the  season.  Ac- 
cordingly,  Barber  and  Humbert   (15)  observed  that,   in  theory, 
an  application  of  K  for  each  cutting  would  be  the  most 
efficient  practice. 


Accumulation  of  Carbohydrate  Reserves  in  Alfalfa 

The  Primary  Role  of  Carbohydrate  Reserves 

Following  their  extensive  research  and  review  of  pre- 
vious work  on  alfalfa,  Graber  et  al.  (81)  reached  the  fol- 
lowing conclusions: 

...that  new  top  growth,   especially  in  the 
early  stages  of  alfalfa  plants,   are  initi- 
ated and  developed  largely  at  the  expense 
of  previously  accumulated  organic  reserves; 
that  the  roots  of  alfalfa  were  the  princi- 
ple organs  of  storage;    that   storage  occurred 
principally  during  the  maturity  of  top 
growth;   and  that  progressive  exhaustion  of 
such  reserves  by  early,    frequent  and  com- 
plete removal  of  top  growth  resulted  ulti- 
mately in  the  death  of  the  plant,  regard- 
less of  the  most   favorable  climatic  and 
soil  environment,    (p.  123). 

I         Organic  food  reserves  were  defined  by  Graber  et  al . 
(81)   and  Weinmann   (239)   as  those  substances  which  are 
elaborated  by  the  plant  and  stored  at  certain  times  in 
the  most  permanent  organs  of  the  plant  body,   to  be  uti- 
lized at  a  later  stage  by  the  plant  as  a  source  of 
energy  for  maintenance,   or  as  building  materials  for  new 
top  and  root  growth.      Graber  et  al.    (81)   further  found 
that  alfalfa  stored  most  of  its   food  reserves  as  starch 
and  sucrose.     Although  the  crown  is  a  storage  area,  the 
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largest  amount  of  total  nonstructural  carbohydrates  (TNC) 
is  stored  in  the  roots    (107,   226).     Ueno  and  Smith  (226) 
found  that  about  75%  of  the  TNC  was  in  the  root  and  25Z 
in  the  crown  at  all  stages  of  regrowth  regardless  of 
plant  size. 

May   (137)   and  Tan  and  Baeumer   (212)   have  raised  some 
doubts  regarding  the  specific  role  of  carbohydrate  reserves 
in  Initiating  regrowth,   and  is  determining  the  extent  of 
regrowth.     However,   several  workers  cited  by  Smith  (196), 
and  elsewhere   (60,   166,   236)   have  established  beyond  doubt 
that  the  concentration  of  soluble  carbohydrates   in  herbage 
does  influence  regrowth  after  cutting.     Root  TNC  decline 
during  regrowth  as  new  top  growth  is  produced  and  the 
decline  continued  for  2  to  3  weeks  under  field  conditions 
before  re-accumulation  occurs    (83,   154,   187).      Smith  and 
Marten   (205)   found  that  40%  of  the  TNC  in  alfalfa  roots 
had  been  translocated  to  the  shoots  by  the  time  they  were 
15  cm  tall.     Smith  and  Silva   (199)   found  that  between  the 
day  when  tops  were  removed  and  the  date  of  lowest  carbohy- 
drate level  in  the  roots,   15%  of  the  TNC  was  used  in  root 
respiration,   66%  was  used  in  production  of  new  roots  and 
crowns.     Ueno  and  Smith   (226)   reported   that  when  the  mini- 
mum level  of  TNC  was  reached  in  the  top  roots,   63  to  7«% 
was  utilized  from  the  roots   and  24  to  28%  from  the  crown, 
regardless  of  plant  size. 
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Other  Functions  of  Carbohydrate  Reserves 

Cold  resistance 

The  Importance  of  carbohydrates   In  relation  to  cold 
tolerance  was  first  reported  by  Steinmetz    (209)  who  es- 
tablished that  total  sugar  concentration  was  higher  in 
hardened  than  in  non-hardened  plants,   and  higher  in  tol- 
erant than  in  sensitive  varieties.     Graber  et  ai .  (81) 
reported  that  alfalfa  was  more  susceptible  to  winter 
injury  when  its  roots  contained  low  concentrations  of 
non-structural  carbohydrates.      Several  reports  in  a  re- 
view by  Jung  and  Larson   (106)  have  also  indicated  an 
association  between  the  concentration  of  sucrose,  a 
protectant,   or  total  soluble  sugar,  with  tolerance. 

Heat  and  drought  tolerance 

Both  cold  and  drough  stresses  dessicate  cells.  Hence, 
many  physiological  changes  that  occur  during  hardening  to 
drought  and  cold  are  similar  (126). 

Maintenance 

Carbohydrates  have  been  found  to  be  the  main 
source  of  energy  for  overwintering.  Bula  and  Smith  (43) 
and  Graumann  et  al.  (84)  found  that  as  much  as  50%  of  the 
available  carbohydrates  stored  in  the  roots  during  autumn 
were  used  in  respiration  during  winter.  Thus,  plants  low 
in  carbohydrate  reserves  are  most  likely  to  be  injured  or 
killed  (189). 
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Factors  Affecting  the  Accumulation  of  Carbohydrate  Reserves 

Frequency  and  age  of  cutting 

Plants  go  through  periods  when  the  carbohydrate  foods 
are  used  and  when  they  are  stored;   a  cyclic  pattern  occurs 
between  early  growth  and  maturity.     The  cyclic  pattern  In 
alfalfa  was  outlined  by  Graber  et  al.    (81).     With  the  Ini- 
tiation of  growth  in  the  spring,   or  after  cutting,  carbo- 
hydrates  stored  in  the  roots  were  used  to  initiate  new  top 
growth.     Depletion  continued  until  about  15  to  20  cm  of  top 
growth  was  produced.     An  excess  of  carbohydrates  was  pro- 
duced by  photosynthesis   in  the  leaves  and  stems  with  15  to 
20  cm  of  top  growth.     This  excess  was   then  translocated  to 
the  roots  for  storage.      Storage  of  carbohydrates   in  the  roots 
continued  until  the  highest  level  was  reached  near  full  bloom. 
There  was  some  removal  of  carbohydrates  from  the  roots  between 
full  bloom  and  mature  seed,   as  new  shoots  were  initiated  from 
the  crown. 

The  cyclic  pattern  outlined  by  Graber  et  al.    (81)  has 
been  obtained  by  other  workers    (72,   177,   241).     The  unanimous 
conclusion  has  been  that,   cutting  or  grazing  when  food  re- 
serves are  at  a  low  level  may  leave  very  little  energy  avail- 
able to  start  new  growth.     The  greatest  damage  would  be  done 
with  too  early,   too  heavy  or  too  frequent  cutting  of  alfalfa 
plants.     Such  plants  also  become  more  susceptible  to  drought, 
heat,   winter  injury  and  disease   (81,   126,  189). 
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Weather  and  soli  moisture 

Plant  development  may  proceed  rapidly  with  warm  tempera- 
tures,   limited  moisture  and  an  abundance  of   sunshine.      On  the 
other  hand,   it  may  be  prolonged  with  cool  temperatures, 
abundance  of  moisture,   and  cloudy  weather  (101,   132,   155,  191, 
193,   194,  253). 

In  high  temperature  geographical  areas,  investigators 
have  noted  an  association  between  high  temperatures  and  low 
accumulation  of  carbohydrate  reserves  due  to  high  respira- 
tional  losses    (176,   177,   241).      Increased  rates  of  respira- 
tion,   the  oxidative  breakdown  of   carbohydrates,   would  be 
expected  since,   for  each  18F  increase  in  temperature  between 
50  and  80F',    the  respiration  rate  of  plants  goes  up  2   to  2.5 
times    (138).     Therefore,   longer  intervals  between  cutting  up 
to  advanced  stages  of  bloom  have  been  recommended   in  order 
to  admit  adequate  storage  of  root  reserves,   and   to  maintain 
productivity  and  persistence. 

Height  of  cutting 

The  effect  of  cutting  height     on  alfalfa  seems  to  vary 
with  cultivars,   location,    season,   and  frequency  of  cutting. 
Beardsley  and  Anderson   (25)   reported   that  alfalfa  could  be 
cut   closely,   but   not   frequently,    from  the   standpoint  of 
longevity.      In  an  early  basic   study,    Hildebrand   and  Harrison 
(92)   reported  that  15-cm  stubble  height  produced  the  most 
recovery  growth  when  harvested  weekly  or  bi-weekly,  while 
7.5-cm  stubble  height   produced   the  most  when  harvested 
monthly.     Other  workers  have  suggested   that  a  tall  stubble. 
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by  retaining  a  photosynthetic  residual  leaf  area,   is  some- 
times desirable  for  providing  additional  energy  for  the 
initial  regrowth  after  cutting,   especially  when  food  re- 
serves ara  low   (40,   120,   198,   251).     Langer  and  Steink  (121) 
also  noted  that  in  dry  environments  where  growth  rates  are 
slow,   the  plant  would  depend  on  residual  leaf  area  to  sup- 
ply assimilates  for  a  long  time. 

Robison  and  Massengale   (176)   and  West  and  Prine  (241) 
found  that  decline  in  herbage  yields  and  stands  were  less 
when  plants  were  cut  to  a  10-cm  rather  than  2.5-or  5-cm 
stubble.      In  the  latter  study,   day  temperatures  of  alfalfa 
stems  at  the  soil  surface  were  markedly  higher  in  the  short 
clipping  height.     It  was   suggested   that  the  lower  tempera- 
tures  in  the  tall  stubble  had  reduced  the  respiration  rate 
of  the  plants,   thereby  allowing  more  of  the  carbohydrates 
to  be  conserved. 

In  other  studies    (158,   228)   increasing  stubble  height 
significantly  and  progressively  reduced  herbage  and  protein 
yield  in  alfalfa.     Leach   (123)   has  pointed  out  that  leaving 
a  stubble  to  provide  more  sites  for  regrowth  may  be  more 
important  than  carbohydrate  reserve  level  or  residual  leaf 
area.     He  further  suggested  that   the  rapidity  with  which 
new  leaves  are  formed  after  cutting  may  be  more  important 
than  the  amount  of  leaf  area  left  on  the  stubble.     As  Brown 
et  al.    (41)   observed,   these  older  and  less  efficient  leaves 
may  be  more  of  a  handicap  than  a  benefit   to  regrowth,  espe- 
cially if  they  photosynthesize   slowly,   shade   the  plant  base. 
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and  prevent  new  shoot  development. 

Removing  and  Analyzing  Total  Nonstructural  Carbohydrates 

Estimating  total  nonstructural  carbohydrates   (TNC)  con- 
tent usually  is  desired  in  management  studies  rather  than 
estimating  each  individual  fraction  of  the  carbohydrates 
(sugars,   starch  and  fructosans)   available  as  energy  to  the 
plant   (192,   239).     Some  knowledge  of  carbohydrates  involved, 
particularly  the  non-structural  polysaccharide  type  present, 
should  be  available  before  selecting  a  method.     The  common 
biennial  and  perennial  forage  legumes  including  alfalfa 
(Medicago  spp.)   are  characterised  by  sucrose  and  starch 
accumulation   (Smith,   192).     Starch  is  the  primary  non- 
structural polysaccharide  accumulated  in  species  of  the 
Leguminosae .     Removal  of  TNC  from  these  species  has  been 
done  with  acid  solutions    (87,   201),   and  with  various 
diastastic  enzyme  preparations    (81,   87,   154,   201,  239). 
The  most  used  enzyme  preparation,   takadiastase ,  hydrolyzes 
disaccharides  and  starch  to  monomers   since  it  contains 
invertase,  maltase  and  amylase  enzymes.      In  the  acid  methods, 
the  sugars  and  non-structural  polysaccharides  are  hydrolysed 
to  monomers  by  the  acid. 

Smith  et  al .    (201)   reported  that  0.2N  H2SO4  hydrolysis 
of  alfalfa  roots  gave  seasonal  TNC  trends  similar  to  those 
obtained  from  takadiastase.     Later,   Grotelueschen  and  Smith 
(87)   reported   fructose  destruction  with  0 . 2 N  H2SO4,   and  that 
xylose  was  present,     indicating  hydrolysis  of  some  structural 
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carbohydrates.     No  xylose  was  found  in  the  takadiastase 
extractions.     However,   0.2N  H2SO4  hydrolyzed  less  than 
40%  of  the  starch  to  glucose  in  the  alfalfa  root  tissue 
where  starch  was  present  in  large  amounts   (15.5%  of  the 
dry  weight).     Thus,   the  acid  method  is  apt  to  over-esti- 
mate where  little  starch  is  present,   and  to  under-estimate 
where  large  amounts  of  starch  are  present. 

Starch,   a  glucose  polymer,   contains  two  forms,  amyl- 
ose,   a  linear  molecule  of  low  molecular  weight,   and  amylo- 
pectin,   a  highly  branched  molecule  of  high  molecular  weight. 
Water  will  not  remove  all  the  TNC  from  tissues  containing 
starch.     Amylose  which  is  largely  soluble  in  hot  water 
comprises  10  to  30%  of  starch,   the  remaining  70  to  90% 
being  amylopectin  which  is  not  soluble  in  water    (Akazawa,  3). 

In  view  of  these  findings.   Smith   (192)   concluded  that 
the  most  accurate  overall  method  to  remove  TNC  was  one  that 
uses  a  takadiastase  enzyme.     This  method  was  first  described 
by  Weinmann   (239)   and  later  slightly  modified  by  Lindahl 
et  al.    (127)  . 

Smith   (197)   has  reviewed  the  influence  of  drying  and 
storage  conditions  on  TNC  analysis  of  herbage  tissue.  He 
warns  that  heat  drying  at  high  temperatures    (above  80C)  can 
cause  thermo-chemical  degradation,   while  slow  drying  at  low 
temperatures    (below  50C)   allows   time  for  dry  matter  losses 
by  respiration  and  enzymatic  conversions.     The  most  accept- 
able heat  drying  results  have  been  obtained  by  drying  for 
a  short   time  at  a  high  temperature   (i.e.lOOC),   and  there- 
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after  at  a  moderate  temperature   (i.e.,   70C)  .      Smith  (.197) 
further  noted  that  changes  in  TNC  concentrations  occur 
during  the  storage  of  either  freeze-  or  heat-dried  tissues. 
Consequently,   he  advised  that  analyses  should  be  conduct- 
ed as  soon  as  possible  after  tissue  sampling. 

Estimation  of  Food  Reserves  by  the  Growth-in-the-Dark  Method 

Growth-in-dark  studies  to  provide  estimate  of  the  re- 
growth  potential  or  status  of  organic  food  reserves  have 
been  carried  out  with  grasses    (1,   46,    66),   and  red  clover 
(111).     Plugs  of   soil  containing  the  plants  were  dug  from  the 
field  and  placed  into  plastic  pots.     The  aerial  parts  of  the 
plants  were  trimmed  off.     The  pots  were  placed   in  dark  growth 
chambers  where  the  plants  were  allowed  to  grow  and  exhaust 
themselves  at   constant  optimum  temperature  and  sufficient 
moisture.     All  new  growth  was  harvested,   dried  and  weighed. 
TNC  were  estimated  in  separate  aliquots  of  plants  collected 
at   the  same  time  from  the  field.      In  all  the  above  four  cases, 
a  positive  correlation  was  obtained  between  the  percentage 
and  actual  amounts  of  reserve  carbohydrates  present  in 
storage  organs  and   the  observed  regrowth  potential,   which  was 
produced   in   the  absence  of  photosynthesis. 

Estimation  of   Food   Reserves  by  Root   Dry  Matter 

Nielsen  and  Lysgaard    (156)   reported  that  many  individ- 
ual constituents  of  the  root  reserves  decreased  and  increased 
similarly  to  the  total  amount  of  root  dry  matter.     This  prin- 
ciple  supports  a   technique  recently  employed  by  Wolf    ^250)  as 
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a  guide  in  telling  when  to  cut  alfalfa.     By  taking  weights 
of  roots  before  and  after  they  were  dried  in  an  oven,  he 
showed  that  when  the  alfalfa  root  reached  about  28%  dry 
matter,   its  food  reserves  were  high  enough  to  support 
vigorous  regrowth  after  harvest,   if  other  conditions  were 
favorable . 

The  Effect  of  Cutting  Schedules  on  Alfalfa  Productivity 

Cutting  at  Early  Maturity  vs  Late  Maturity 

The  highest  yield  per  acre  of  nutrients  in  any  one 
crop  of  alfalfa  has  been  reported  to  be  at  near  10%  bloom 
(196).     In  these  reports,   alfalfa  harvested  at  a  pre-bud 
stage  of  development  had  a  high  concentration  of  feed 
nutrients  but  herbage  yields  at  immature  stages  were  low. 
It  was  also  shown  that  although  the  yield  of  hay  continued 
to  increase  between  one-tenth  bloom  and  full  bloom,  that 
it  was  due  largely  to  an  increase  in  the  yield  of  fiber. 
The  yield  of  TDN,   protein  and  minerals  generally  decreased 
after  early  bloom  principally  because  of  the  loss  of  the 
lower  leaves  due  to  age,   disease,   lodging,   etc.    175,  246). 

Fuess  and  Tesar   (76)   obtained  higher  herbage  yields 
from  three  cuttings  per  year  at  near  early  bloom  than  from 
two  cuttings  at  near  full  bloom^   primarily  due  to  less  leaf 
loss.     Leaf  losses  accounted  for  two-thirds  of   the  differ- 
ence was  due  mainly  to  higher  rates   of  net  photosynthesis 
in  the  younger  leaves  of   the  3-cut  alfalfa. 
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Time  Interval  Cutting 

Smith   (196)   has  cited  a  long  list  of  workers  who  have 
Investigated  the  effects  of  cutting  based  on  fixed  cutting 
Intervals  or  number  of  cuttings  per  year.      In  general,  35- 
to  42-day  Intervals  between  harvests  have  provided  the 
best  results  in  seasonal  herbage  and  nutrient  yields  per 
hectare  and  in  stand  persistence.     However,   the  most  satis- 
factory time  Interval  between  harvests  will  vary  with  lo- 
cation and  season  of  the  year,   since  speed  of  plant  develop- 
ment is  affected  markedly  by  temperature  and     soil  moisture 
conditions   (Wllsle,  247). 

Stage  of  Growth  Cutting 

In  a  survey  ofthe  literature.   Smith   (196)   cited  numerous 
workers  who  have  studied  the  effects  of  cutting  alfalfa  at 
definite  stages  of  development  in  contrast  to  time  Interval 
or  calendar-date  cutting.     The  general  observation  has  been 
that  although  calendar-date  cutting  is  easier  to  follow, 
harvests  will  occur  at  varying  stages  of  development  since 
growth  rates  do  vary  with  environmental  conditions.  There 
is  also  the  chance  of  harvesting  at  an  Immature  stage  that 
may  markedly  reduce  plant  vigor    (Smith  et  al.,  203). 

Plant  maturity  on  a  particular  date  varies  among  years 
and  locations   (247).     Therefore,   cutting  based  on  fixed 
Intervals  between  cuttings  or  on  calendar  dates  would  not 
take  into  consideration   the  physiological  stage  of  develop- 
ment of  the  plants.     During  a  high  temperature  period 
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alfalfa  has  been  seen  to  flower  in  less  time  than  at  lower 
temperatures   (101,   132,   155,   191,   193,   19A) .  Cultlvars 
also  differ  in  rates  of  development   (135,  202). 

Using  a  growth  chamber.  Marten   (132)  has  shown  that 
the  chances  of  repeatable  quality  are  better  if  a  flower- 
ing stage  rather  than  a  chronological  age  criterion  for 
harvest  is  used.     In  a  review  article  on  the  subject, 
Keoghan   (112)   concluded  that  varying  cutting  dates  accord- 
ing to  rate  of  growth  during  the  season  was  much  better 
than  using  pre-determined  dates,   and  that  consistent  her- 
bage quality  could  be  obtained  only  by  harvesting  at  a 
consistent  stage  of  development. 

Most  cutting  investigations  based  on  stage  of  develop- 
ment showed  that  harvesting  at  the  first  flower  stage  was 
the  best  compromise   for  acceptable  herbage  and  nutrient 
yields  and  stand  persistence  in  the  northern  United  States 
(190,   202),   the  southwestern  United  States   (72)   and  the 
Valley  of  Mexico   (44).     At  this  stage,   root  reserves  were 
found   to  be  at  reasonably  high  level,   and  crop  growth 
rate  had  begun  to  decrease  markedly.     Nelson  and  Smith  (154) 
and  Smith   (190)   reported  that  accumulation  of  dry  matter 
decreased  rapidly  just  prior  to  the  appearance  of  the  first 
flowers,   and  thereafter  the  increase  in  weight  of  tops  was 
due  largely  to  the  fibrous  fractions  from  the  elongation 
and  enlargement  of  stem  internodes. 

Some  investigations   in  high-temperature  areas  have 
shown  that  alfalfa  should  be  allowed  to  go  to  advanced  stages 
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of  bloom  during  the  summer  months  in  order  to  permit  ade- 
quate storage  of  root  reserves  in  excess  of   the  high 
respirational  losses,   and  to  maintain  productivity  and 
persistence   (176,   241).     Crowder  et  al.    (59)   reported  that 
at  high  altitudes  near  the  equator,   flowering  was  sparse 
and  sporadic.      In  other  areas  growth  has  continued  during 
mild  winters  without  flowering   (61).     Under  these  condi- 
tions flowering  could  not  be  used  as  a  guide  to  cutting. 
Crowder  et  al.    (59)   found  that  cutting  when  the  new  shoots 
developed  at   the  crown  was  the  only  reasonable  guide  to 
indicate  when  to  cut.     According  to  Willard    (244)  and 
Willard  et  al.    (245),    shoots  begin  to  grow  either  when  the 
level  of  carbohydrate  root  reserves   is  high,   or  when  pro- 
longed drought  is  broken  by  rain,   or  when  the  shoots  lodge 
to  expose  the  crown  to  more  light. 

Cutting  Based  on  Heat  Units 

The  heat  unit  approach  has  been  used   in  studying  suc- 
cessive stages  of  plant  growth  and  temperature  relationships 
by  the  accumulation  of  daily  mean  temperatures  above  a  cer- 
tain threshold  or  base  temperature  during  the  growing  season 
(235).     The  sum  required  for  a  particular  crop  variety  has 
been  assumed  by  heat  unit  workers   to  be  a  constant  value, 
i.e.,    that  a  given  stage  in  the  development  of  any  plant  is 
reached  when  that  plant  has  received  a  certain  amount  of 
heat,   regardless  of  the  time  required. 
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The  base  temperature  or  zero  point  of  vital  activity 
has  been  determined  by  experimental  methods  and  differs  in 
different  crops,   the  early  sown  crops  having  a  lower  base 
temperature  than  the  late  sown   (11).     Arnold   (11)   used  a 
regression  equation  from  temperature  and  the  rate  of  deve- 
lopment,  and  solved  the  equation  for  temperature  when  the 
rate  of  development  was  zero. 

The  main  disadvantage  of  the  heat  unit  system  were 
summed  up  by  Wang   (235)   and  Wilsie   (247).     They  observed 
that  plants  do  respond  differently  to  the  same  environmental 
factors  during  various  stages  of  their  development;  yet, 
varietal  constants  obtained  from  heat  units  computations 
fail  to  take  into  account  these  time  sequences.  Secondly, 
the  threshold  temperature,  which  is  considered  as  a  con- 
stant,  is  applied  to  the  entire  life  cycle  of  the  plant. 
Yet,   the  threshold  values  change  with  the  advancing  age  of 
the  plant.     Moreover,   the  upper  threshold  is  not  taken  into 
account.     Thirdly,   growth  and  development  are  not  directly 
proportional  to  temperature,   especially  to  supraoptimal 
values.     Also,   these  systems  provide  no  consideration  for 
the  effect  of  alternating  day  and  night   temperature  and  the 
diurnal  range.     Fourthly,   the  heat  system  does  not  take  in- 
to account  many  factors  which  influence  plant  growth  and 
development,   such  as  soil  type,   fertility,   moisture,  topog- 
raphy,  altitude  and  latitude.      Frost  and  drought  damage, 
wind,   hail,   storms,   insects  and  disease  may  influence  the 
heat  unit  values  necessary  to  bring  a  crop   to  a  given  stage 
of  maturity. 
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Present  Outlook 

Data  obtained  in  the  northern  United  States   (196)  and 
Canada   (225)   have  shown  that  the  availability  of  cultivars 
with  high  persistence  has  made  it  more  feasible  to  adapt 
cutting  schedules  to  obtain  high  seasonal  yields  of  feed 
nutrients.     Consequently,   Smith   (196)   believes   that  more 
emphasis  could  now  be  placed  on  cutting  at  early  maturity 
to  obtain  high  nutrient  yields,   with  less  emphasis  on 
schedules  to  maintain  stands. 

The  Nutritive  Value  of  Forages 

Introduction 

Nutritive  value  as  described  by  Mott    (146)   and  Mott 
and  Moore   (147)   consists  of  the  chemical  composition, 
digestibility  of  the  components  and  the  nature  of  the 
digested  fractions.     Raymond   (168)   stated  that  the  nutri- 
tive value  of  a  forage  should  be  considered  as  composed 
of  a  complex  of  parameters   that  determine  the  nutrient 
intake  of  ruminant  animals  fed  on  that  forage.     He  ex- 
pressed nutrient   intake  as  equal  to:      intake  of  feed  x 
digestibility  of  feed  x  efficiency  of  utilization  of 
digested  feed,    each  of  which  should  be  investigated  sepa- 
rately before  their  interactions   in  practical  systems  of 
ruminant   feeding  are  considered.      The   importance  of  this 
approach  was   indicated  by  Ingalls  et  al .    (98),   Reid  (170) 
and  others   (47,    58,   207)   who  demonstrated  that  intake  was 
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the  more  important  factor  than  digestibility  when  comparing 
the  nutritive  value  of  various  forages. 

Barnes  and  Gordon   (19)    (using   'feeding  value'  and 
'nutritive  value'    synonymously)   have  stressed  the  importance 
of  distinguishing  between  potential  feeding  value  and  attain- 
ed levels  of  animal  production,  which  are  influenced  by  non- 
forage  factors,   such  as  ration  ingredients,     animal  poten-  .a.', 
tials,   feeding  environment  and  interactions  of  these  factors. 
The  scope  of  this  review  will  be  limited  to  those  factors 
that  influence  the  potential  feeding  value  of  forages,  in 
general,   and  of  alfalfa,   in  particular. 

Regulation  of  Forage  Intake  and  Digestibility  in  Ruminants 

The  development  of   some  of  the  current  concepts  on 
voluntary  intake  have  been  reviewed  by  Balch  and  Campling 
(11),   Conrad   (54)   and  Brown   (39).     In  brief,   intake  by  non- 
ruminants  ±3  controlled  mainly  by  levels  of  blood  metabo- 
lites,  the  animal  ceasing  to  eat  when  these  reach  a  thres- 
hold level.      In  ruminants,   intake  depends  much  more  on  the 
capacity  of  the  rumen.      Eating  ceases  when  a  certain  degree 
of  fill  has  been  reached,   and  starts  again  when  fill  has 
been  reduced  by  digestion  and  movement  of  food  residues 
through  the  digestive  tract.     Only  on  feeds  of  high  energy 
concentration  does  blood  metabolite  level,   rather  than 
gastro-intestinal  fill  begin  to  control  the  amount  of  food 
that  ruminants  will  eat  (54). 
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Ruminants  are  able  to  eat  more  of  highly  digestible 
forages  than  of  less  digestible  forages  because  the  latter 
occupy  more  volume  and  are  within  the  rumen  for  a  longer 
time,   and  because  from  them  more  indigestible  residue  has 
to  be  passed  down  the  hind  tract  {12). 

A  decrease  in  voluntary  intake  as   forages  become  more 
mature,   and  so  less  digestible,   has  been  shown  in  numerous 
experiments.     However,  while  with  most  forage  species 
intake  decreases  as  the  forage  becomes  less  digestible,  the 
relationship  between  intake  and  digestibility  can  differ 
markedly  between  different  forages.     Thus,   Osbourn  (161) 
and  Osbourn  et  al.    (162)   showed  a  higher  level  of  intake 
of  alfalfa  than  ryegrass  and  timothy  at  a  given  level  of 
digestibility.     Van  Soest    (230)   reported  that  alfalfa  con- 
tained a  higher  proportion  of  cell  contents  and  a  lower 
proportion  of  cell  wall  constituents  than  grass  of  the 
same  levelof  digestibility.     The  digestible  fraction  of 
alfalfa  could  thus  occupy  less  volume  and  time  within  the 
rumen;   as  a  result,   the  animal  would  eat  more  of  it  than 
the  grass. 

There  is  the  possibility  that  rate  of  digestion,  and, 
in  turn,    the   rate  of   intake,   may  be  affected  by  conditions 
within  the  rumen.     Tilley  et  al.    (219)   showed  that  the 
rate  and  extent  of  cellulose  digestion  decreased  as   the  pH 
of  an  in  vitro  system   (and  by  analogy  of   the  rumen  in  vivo) 
diverged  from  the  physiologically  normal  level  of  about 
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pH  6.8.      Some  forages,   particularly  highly  buffered,  low 
sugar,   forages   such  as   the  legumes,   are  found  to  give  a 
characteristically  higher  rumen  pH   (6.6  to  6.8)  than 
grasses.     Raymond  (168)   suggested  that  these  differences 
in  rumen  pH  could  lead   to  a  higher  rate  of  digestion  of 
the  cell  wall  fraction  of  alfalfa  than  ryegrass,   and  that 
this  could  partly  account  for  the  higher  level  of  intake 
of  alfalfa  and  of  other  legumes. 

Reid   (170)   demonstrated  that   intake  was  the  more 
important  factor  than  digestibility  when  comparing  the 
nutritive  value  of  various  forages.     While  energy  digesti- 
bility  (TDN)   increased  by  only  36%  when  changing  from  low- 
est to  highest  quality  forage,   intake  increased  by  250%. 
In  terms  of  animal  production,   other  workers   (47,   58,  207) 
showed  that  voluntary  intake  may  account   for  about  two- 
thirds  of  the  variability  in  animal  performance,  while 
digestibility  may  account   for  about  one-third. 

Blaxter  and  Wilson   (30)   found  a  curvilinear  relation- 
ship,  intake  increasing  less  rapidly  with  digestibility  at 
higher  levels  of   forage  digestibility.     Button   (97)  and 
Conrad  et  al.    (56)   found  an  increase  in  intake  above  a 
forage  dry  matter  digestibility  of  about   70%.  Baumgardt 
(22)   found  that  the  intake  of  a  roughage  concentrate  mix- 
ture did  not  increase  when  the  energy  digestibility  was 
above  67%.     The  results  of  Button   (97)   and  Conrad   et  al. 
(56)   suggest  that  at  high  levels  of   forage  digestibility, 
intake  begins  to  be  limited  by  metabolic   factors,  namely. 
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blood  levels  of  organic  acids,   glucose,   etc.,   rather  than 
by  gastro-intestinal  fill.     That   is,   in  intake  terms,  the 
ruminant  begins   to  behave  like  a  non-ruminant    (54).  Van 
Soest   (230)   suggested   that   this   is   likely  to  occur  when 
forage  dry  matter  contains  less   than  55   to  60%  of  cell 
wall  constituents. 

However,    the  level  at  which  forage  digestibility  no 
longer  limits   intake  must,   to  some  extent,   depend  on  the 
physiological  condition  of   the  animal  being  fed,   that  is, 
on  the   critical   level   of   blood  metabolites   at  which  it 
ceases   to  eat.     Osbourn  et  al.    (162)    found  no  divergence 
from  linearity  with  a  wide  range  of  grasses  and  legumes 
up  to  80%  dry  matter  digestibility.     They  used  thin  sheep, 
with  a  high  growth  potential,   which  may  therefore  have  had 
a  higher   threshold   intake  level   than,   say  the  mature  sheep 
used  by  Blaxter   et  al.  (32). 

The  Effect   of   Supplementary  Feeds   on  Forage  Intake 

Evidently,    in  most   cases,    supplementary   feeds   do  part- 
ly replace  rather   than  supplement   the  forage  with  which  they 
are  fed.     As   increasing  amounts  of   supplementary  concentrates 
are  fed,   the  ruminant  animal  eats  less   forage   (31,  49). 
This   decrease   in   forage   intake  appears   to   be  more  marked 
with  forages  of   high  digestibility,    i.e.,    of   initially  high 
intake,    than  with  forages   of   lower  digestibility  and  intake. 
Such   forages   tend   to   behave   like   concentrated   feeds,    so  that 
their  voluntary   intake  may  be   determined  by   levels   of  blood 
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metabolites,   rather  than  by  rumen  fill.      In  this  case,  level 
of  forage  intake  might  be  expected  to  decrease  as  a  result 
of  the  enhanced  levels  of  blood  metabolites  following  con- 
centrate feeding. 

The  reduction  in  intake  of  forages  of  lower  digesti- 
bility may  in  part  be  related  to  the  effects  of  supplementary 
feeding  on  rumen  pH.     As  the  level  of  concentrate  feeding 
Increases,   rumen  pH  tends  to  decrease   (37,   222),   and  it  is 
possible  that  this   causes  a  reduced  rate  of  digestion  of  the 
cell  wall  constituents  in  the  forage   (219) ,   and  so  reduced 
level  of  voluntary  intake. 

Prediction  of  Forage  Digestibility  from  Chemical  Composition 
For  nearly  a  century  the  extent  of   forage  digestion  was 
predicted  from  its  proximate  analysis  based  on  Weende  crude 
fiber,   crude  protein  and  nitrogen-free  extractives.  Sullivan 
(210)   and  Dijkstra   (62)   both  showed  that  the  relationship 
between  digestibility  and  chemical  composition  become  less 
precise  when  these  analyses  are  applied  to  a  wide  range  of 
forages.      Forages  become  less  digestible  as  they  become  more 
fibrous  with  advancing  maturity.     However,   at  a  given  fiber 
content,   different  forages  can  have  markedly  different  levels 
of  digestibility  (102). 

An  alternative  approach  using  chemical  techniques  more 
relevant   to  the  digestion  process  has  been  described  by  Van 
Soest   (231).     He  considered  forages  to  contain  two  main 
fractions,   the  cell  contents  which  are  almost  completely 
digested,   and  the  cell  wall  constituents,  which  are  only 


34 


partly  digested  by  the  ruminant.     A  forage  sample  is  sepa- 
rated into  a  cell  contents  fraction  soluble  in  neutral 
detergent  and  an  insoluble  cell  wall  fraction  (.neutral 
detergent  fiber),   as  well  as  a  fiber   fraction  insoluble  in 
acid  detergent    (acid  detergent   fiber)   and  lignin.     Van  Soest 
and  Jones   (232)  were  then  able  to  compute  the  apparent 
digestiblity  of  forages  using  an  equation  that  took  into 
account  the  cell  contents,   the  cell  wall  contents,   the  acid 
detergent  fraction,   silica  content  and  the  endogenous  mate- 
rials which  result  from  the  digestion  process  and  are  lost 
in  feces. 

Estimation  of  Forage  Digestibility  by  In.  Vitro  Techniques 

The         vitro  digestion  procedure  developed  by  Terry 
and  Tilley   (216)   attempts   to  simulate  the  biological  pro- 
cess of  digestion.     A  two  stage  procedure  comprising  di- 
gestion by  rumen  microorganisms  in  an  artificial  rumen 
followed  by  digestion  by  acid-pepsin  has   given  the  closest 
agreement  with  in  vivo  digestibility  values   for  the  dry 
matter  and  organic  contents   in  forages.     This  method  showed 
a  correlation  coefficient  of  0.97  between  in  vitro  and 
in  vivo  values  when  tested  on  a  wide  range  of  grasses  and 
legumes,   and  the  following  equation: 

Digestion  ±n  vivo  =  0.99  x  digestibility  in_  vitro  - 
1.01.     Bosman   (35),   Oh  et  al.    (159),   and  Ademosum   (2)  have 
also  reported  higher  correlations  between  in  vitro  and  in 
vivo  methods  than  the  chemical  riiethods  tested. 
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Raymond    (168)   pointed  out   that  when  interpreting  the 
error  terms  of  the  relationship  between  ±ri  vitro  and  i_n  vivo 
values  it  is   important   to  realize  that   errors  do  not  arise 
solely  from  deficiencies  in  the  laboratory  techniques,  but 
also  from  the  actual  measurement   of  the  in  vivo  digestibi- 
lity of  the  forages.     More  importantly,   digestibility  ±n  vivo 
is  not  a  constant  parameter  of  a  particular  forage.  Thus, 
digestibility  determined  in  an  animal  experiment  may  depend 
on  the  amount   of   forage  fed,   digestibility  decreasing  as  the 
level  of  feeding  increases    (142),   and  can  be  significantly 
reduced  if  the  animal  is  parasitized  with  stomach  worms  (185, 
208).     Accordingly,   Raymond   (168)   concluded  that   the  main 
area  for  improvement   lay  in  the  better  standardization  of  the 
in  vivo  digestibility  experiments,    the  preparation  of  the 
forage  samples   for  analysis,   and  the  conduct   of  the  labora- 
tory procedures.     Barnes    (17)   also   emphasized  the  importance 
of  the  general  adoption  of  the  standardized  i_n  vitro  digesti- 
bility procedures   so  that  results  reported  by  different 
laboratories  may  be  directly  comparable. 

It  has  been  stressed  that   the  system  should  wherever 
possible  be  checked  with  relevant  samples   of  known  in  vivo 
digestibility.     Thus,   Raymond  and  Terry   (169)   reported  low 
in  vitro  digestibility   levels  when  both   the   test   forage  and 
the  feed  of   the  donor  animal  were  of   low  nitrogen  content. 
The  higher  level  of  digestibility  rn  vivo  resulted  from  the 
animal's  ability  to  re-cycle  urea  via  salivary  and  ruminal 
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secretions,  whereas  digestibility  in  vivo  was  limited  by 
a  deficiency  of  nitrogen  in  the  combined  sample  and  inoculum. 
Addition  of  some  N  as  urea  to  the  in  vitro  system  later 
increased  sample  digestibility  to  the  in  vivo  level.  How- 
ever,  care  must  be  taken  since  a  depression  in  in  vitro 
digestion   (70)   or  no  increase  in  forage  intake   (109)  have 
resulted  from  N  addition  to  a  sample  or  forage  already  of 
high  protein  content. 

Minson   (140)   reported  that   the  rate  of  digestion  within 
the  rumen,   and  so  level  of  intake,   of  forages  of  very  low 
crude  protein  may  be  limited  by  the  lack  of  nitrogenous  sub- 
strate for  the  rumen  microorganisms.     The  critical  level  of 
feed  protein  depends  on  the  type  of  forage,   but  it  is  common- 
ly in  the  range  4  to  6%  crude  protein   (140).     Minson  and 
Milford   (141)   increased  the  intake  of  Pangola  digitgrass 
(3.6%  CP)  when  a  supplement  of  alfalfa  was  fed,   to  a  maximum 
intake  at  a  total  diet  content  of   6%  CP,   after  which  the  in- 
take of  the  grass  decreased  as  it  was  progressively  replaced 
by  alfalfa. 

General  Characteristics  of  Alfalfa  Feeding  Value 
The  nutrient  content  of  alfalfa  is  well  known  (157). 
It  is  especially  high  in  protein  and  Ca,   and  is  a  good  source 
of  both  macro  and  micro  nutrients  needed  by  the  rumen  organ- 
isms  for  normal  rumen  function   (26,   104,  122). 

The  ad  libitum  intake  of  digestible  nutrients  of  alfalfa 
by  livestock  is  greater  than  for  most  other  forage  species 
since  much  of  the  dry  matter  of  alfalfa  is  in  a  non-fibrous 
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form  that  is  readily  available  for  absorption  in  the  rumi- 
nant digestive  system   (172,    229).     Although  the  levels  of 
the  fibrous  material  in  alfalfa  are  relatively  low  in 
comparison  to  grasses,   it  is  highly  lignified  and  generally 
less  available  than  the  fibrous  material  from  grass  species 
(103,   211,   221).      Smith  et  al.    (206)   suggested  that  lignin 
limits   the  extent  of  digestion  but  has  comparatively  little 
Influence  on  the  rate  of  digestion.     They  reported  that 
rates  of  cell  wall  digestion  of  alfalfa  and  grasses  were 
most  highly  correlated  with  the  cell  soluble  content  of 
forage,   although  cellulose  and  hemicellulose  were  more 
casually  related  to  rates  of  cell  wall  digestion  than  are 
the  levels  of  cell  solubles. 

Balwani  et  al .    (13),   Barnes  and  Mott   (21),   and  Troelsen 
and  Campbell   (223)   compared  alfalfa  with  grasses  at  essen- 
tially the  same  level  of  dry  matter  digestibility.  Despite 
equal  digestibility  coefficients,   the  intake  of  grass  and 
the  daily  gain  achieved  from  it  were  lower.     This  is  because 
more  digestible  nutrients  from  grass  must  be  derived  from 
the  digestion  of  fiber,  which  is  a  slower  process  than 
absorption  of  soluble  nutrients.     Therefore,   intake,  passage 
and  digestion  of  alfalfa  proceed  at  a  faster  rate,   and  the 
animal  consumes  more  digestible  nutrients  per  day  from  the 
alfalfa  even  though  both  rations  are  of   the  same  digestibi- 
lity. 

It  has  also  been  suggested  that  the  digestible  energy 
obtained  from  the  more  fibrous  materials   is  not  as  effi- 
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ciently  used  for  fattening  as  that  obtained  from  material 
of  higher  quality   (128,   145).     The  total  advantage  of  high 
quality  alfalfa  therefore  goes  beyond   that   indicated  by 
digestible  nutrient  content,   and  is  compounded  by  a  poten- 
tial for  being  consumed  at  higher  levels,   a  faster  rate  of 
digestibility,   and  perhaps  a  more  efficient  conversion  of 
digested  energy ^  productive  energy. 

Forage  Factors   Influencing  Alfalfa  Feeding  Value 

Growth  stage 

The  major  factor  affecting  the  feeding  value  of  alfalfa, 
as  well  as  other  legumes  and  grasses,   is  the  reduction  in 
digestibility  and  rate  of  digestion  reflected  in  lowered 
voluntary  intake  with  advancing  maturity   (55).     Van  Riper 
and  Smith   (227),   Blaser   (28)     and  Reid  et  al.    (171)  present- 
ed data  on  the  effect  of  advancing  maturity  on  the  chemical 
composition  of   forages.     Numerous  observations  have  been 
reported  on  higher  digestibility  of  immature  alfalfa  with 
greater  voluntary  intake  and  animal  performance  potential 
than  mature  alfalfa   (19).     Likewise,   there  are  several 
reports  on  the  decrease  of  protein  content  and  increase  in 
fiber  and  lignin  with  advancing  maturity  of  alfalfa   (19,  196). 

As   the  date  of  cutting   is  delayed,   yield  generally 
increases  with  an  increase  in  the  amount  of   stems,   a  lower- 
ing of  the  leaf   to  stem  ratio,   and  a  change  in  the  chemical 
composition   (57).     These  workers  emphasized  that  the  restric- 
tion on  nutrients  caused  by  maturation  of  alfalfa  induced  or 
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Increased  the  severity  of  deficiencies  of  energy,  protein, 
Ca  and  P.     Further,   Conrad  et  al.    (57)   reported  that  declin- 
ing digestibility  resulting  from  advancing  maturity  reduced 
milk  production  partly  because  of  a  lowered  concentration 
of  digestible  energy  in  the  forage,   and  partly  because  of 
lowered  voluntary  intake. 

Troelsen  and  Campbell   (223)   found  a  curvilinear  rela- 
tionship between  voluntary  intake  of  digestible  organic 
matter  by  sheep  and  the  time  of  alfalfa  harvest.     A  delay  of 
one  day  in  harvest  time  caused  an  average  daily  reduction 
in  voluntary  intake  of  alfalfa  hay  of  0.29  g/kg 
Anderson  et  al .    (8)   reported  a  decline  of  0.21  g/kg  BW^^ 
in  dry  matter  intake,   0.28%  digestibility  and  0.20%  crude 
protein,   for  each  day  of  delay. 

Initial  vs  aftermath  cuttings 

First  cutting  alfalfa  has  been  characterized  by  a 
larger  decline  in  digestibility  with  increasing  maturity, 
compared  to  subsequent  cuttings    (23,   95,   171).      In  general, 
later  cuttings  are  not  as  high  in  feedingvalue  at   the  early 
stages  and  not  as  low  at   the  later  stages  as   the  first  cut- 
tings  (71,   95,   171,   184,   185).     However,   Jung  et  al.  (108) 
found  that  dry  matter  digestibility  of  second  and  third 
cuttings  of  alfalfa  was  similar   to  the  digestibility  of  the 
first  cutting  when  harvested  at  a  comparable  stage  of  growth. 

Lowe  and  Reid   (129)   found  that  lambs  consumed   7%  more 
dry  matter   (DM)   and  digested  6%  more  total  DM  from  the  three- 
cut  than  the  two-cut  management   system,   measured  over  a  2-year 
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period.     The  animal  productivity  value   (daily  digestible  DM 
intake)   for  the  three-cut  system  was  27%  greater  than  for 
the  two-cut  system. 

Recommendations  for  optimum  harvest  schedule  have  varied 
over  a  range  of  growth  conditions  and  include  mid-bud,  first 
flower,   10%  bloom,   appearance  of  new  basal  shoots,   and  the 
falling  of  lower  leaves   (196).     Although  the  highest  quality 
feed  is  produced  from  immature  alfalfa,   a  consideration  of 
yield,   stand  survival,   and  weather  conditions  that  are  con- 
ducive to  conservation  may  indicate  that  greater  returns 
are  realized  at  a  more  mature  stage. 

Environmental  conditions  fluctuate  seasonally  and  year- 
ly and  from  location  to  location  so  that  different  lengths 
of  time  may  be  required  for  a  plant  to  reach  a  certain  stage 
of  growth   (203,   247).     Thus,   harvesting  by  calendar  date 
generally  has  not  been  a  reliable  an  indicator  of  forage 
feeding  value  as  growth  stage.     In  livestock  feeding  pro- 
grams,  it  is  desirable  to  have  forages   that  have  a  minimum 
variation  in  feeding  value  from  harvest  to  harvest  to 
reduce  alterations  in  rations.     The  variability  of  alfalfa 
has  been  shown  to  increase  when  harvested  on  a  calendar 
basis,   as  compared  to  harvesting  according  to  stage  of 
growth   (139,  249). 

Climatic  factors 

Harvesting  on  specific  calendar  dates  at  widely  sepa- 
rated geographic  locations,   e.g.,   different  latitudes, 
resulted  in     alfalfa  being  harvested  at  several  maturities 
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(105,   203).     Different  elevations  also  resulted  in  maturity 
differences  similar  to  shifts   in  latitude   (7).     On  the  same 
date,  alfalfa  was  most  mature  at  the  lower  elevations,  but 
the  rate  of  daily  decline  in  DMD  was  greater  at   the  higher 
elevation. 

Similarly,   seasonal  and  annual  variations   in  environ- 
mental factors  such  as  day  length  and  light  intensity,  as 
well  as  moisture  and  temperature,   do  influence  chemical 
composition  and  estimates  of   feeding  value   (23,   53,   77,  188). 

Studies  under  controlled  environmental  conditions  (77,85, 
101,   132)   confirm  conclusions   from  field  studies  that  the 
primary  effect  of  high  temperature  is  hastened  maturity  and 
a  concomitant  decline  in  quality.     Alfalfa  harvested  at 
specific  growth  stages  under  warm  vs  cool  temperature  regimes 
was  higher  in  percentage  of  crude  protein   (132,   191,  233), 
and  leaf  percentage   (132,   200).     However,  warm  temperatures 
decreased  IVDMD   (191,   223),   nonstructural  carbohydrates 
(132,   191,   200)   and  dry  matter  yield    (191,  233). 

Soil  type 

Meyer  and  Jones    (139)   reported  that  lignin  was  lowest 
and  protein  highest   in  alfalfa  produced  on  clay  loam  soils, 
as  compared  to  sandy  soils.     These  patterns  might  have  been 
due  to  a  higher  leaf   to  stem  ratio  and   short  plant  height 
for  alfalfa  grown  on  clay  soils,   as  compared  to  loam  or 
sandy  soils    (254).     Compositional  differences  noted  on 
soil  types  at  widely  separated  locations  are  difficult  to 
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evaluate  because  of  confounding  with  other  environmental 
factors  (124). 

Soil  moisture  and  temperature 

Soil  moisture  and  soil  temperature  have  had  variable 
effects  on  the  percentage  of  crude  protein  content  of 
alfalfa   (36,    79,   86,   132,   233).     However,   reduced  yield 
brought  about  by  drought  may  result   in  a  stunted,  leafier 
plant,     which  is  lower  in  fiber  and  lignin  and  more  digest- 
ible  (101,   233).     On  the  other  hand,   too  much  soil  moisture 
may  reduce  yields  and  lower  the  percentage  of  nutrients. 
With  irrigation  at  a  50%  level  of  minimum  available  soil 
moisture,   Bezeau  and  Sonmor  (27)  obtained  higher  dry  matter 
yields  of  alfalfa,   and  a  higher  percentage  of  crude  protein 
and  in  vitro  digestible  cellulose  than  either  higher  or 
lower  levels  of  irrigation. 

Soil  fertility 

The  composition  and  nutritional  value  of  alfalfa  is 
affected  by  the  availability  of  several  chemical  elements 
in  the  soil    (173).      From  a  10-year  study,   Hanson  and  Mac- 
Gregor.    (90)   concluded  that   the  concentration  of  P  and  K  in 
a  10-year-old  alfalfa  was  related  to  the  quantities  of 
these  elements  applied  by  annual   topdressings .      Smith  and 
Albrecht    (204)   reported   that  excessive  use  of  a  single 
fertilizer  element,   or  unbalanced   fertilization,  resulted 
in  maximum  yield  but   lower  biological  value.     Wedin  et  al. 
(238)   reported  increased  daily  gains     with  moderate  fertili- 
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zation  of  P  and  K   (182  kg/ha) ,  whereas  heavier  rates  (363 
kg/ha  tended   to  decrease  weight  gains.     Calder  and  MacLeod 
(48)   found   that   the  ±n  vitro  digestibility  of   first  cut, 
but  not  second  cut,   alfalfa  was   increased  by  K  fertilization. 
Fertilization  may  also   increase  the  yield  of  nutrients  per 
unit  area,    through  an  increase  in  dry  matter  yield  with  no 
influence  on  digestibility   (237)  . 

Composition  of  leaves  and  stems 

Several  reports  have  shown  that   leafiness   in  alfalfa 
is  associated  with  quality,   since  leaves  contain  more 
nutrients   than  stems   (19,   196).     The  percentage  of  leaf 
tissue  declines   as   the  number   of   days   between  harvests  is 
increased   (84,   101,   113),   and  with  maturity   (108,   130,  148, 
254)  .     Leaves  are  also  more  uniform  in  protein  and  fiber 
percentages   throughout   the  growth  period    (130) .      Smith  (191) 
found  that  all  chemical  constituents  were  in  higher  concen- 
tration in  the  leaves  except   for   sugars,   crude  fiber  and  K. 

Other  reports   indicate  that   stems  contain  approximately 
75%  of   the  cellulose  or  crude  fiber  of   the  plant    (108,  254), 
and   that   the   lignin  percentage  of   the   stems   is   often  more 
than   three   times   that   of   leaves    (132,    148).      The  lignin 
percentage  of   leaves   remains   constant  with  maturation  (217), 
and   lignif ication   is   considered   of   little   importance  in 
leaves    (130) .      This  view   is   supported  by  nearly  constant 
level  of  digestibility  of   total  leaf   tissue  observed  at 
various   stages   of  maturation    (73,  217). 
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Digestibility  and  intake  of  leaves  and  stems 

The  in  vitro  digestibility  of  alfalfa  stems  was  reported 
to  decrease  steadily  during  maturation,   while  the  digestibi- 
lity of  leaves  changed  only  slightly   (73,   130,   149,  217). 
Mowat  et  al.    (149)   and  Terry  and  Tilley   (217)   found  that 
alfalfa  stems  were  never  as  digestible  as  the  leaves  in  the 
early  growth  stages,   although  Barnes  and  Mott    (20)   found  that 
stem  tissue  in  the  upper  part  of  the  plant  was  more  digestible 
initially  than  the  leaf  tissue. 

Troelsen  and  Campbell   (224)   reported  that  leafiness 
accounted  for  85%  of  the  variability  in  intake  by  sheep  of 
digestible  organic  matter  in  alfalfa  hay.     They  found  that 
the  effect  of  leafiness  upon  intake  was  less  at   later  growth 
stages  of  the  plant,   indicating  that  as  leafiness  decreased, 
and  conversely  as  maturity  increased,   other  factors  became 
more  important  in  the  regulation  of   intake  and  digestibility. 

Differences   in  quality,  mainly  arising  from  leaf  and 
stem  proportions,   occur  between  top  and  bottom  portions  of 
alfalfa  plants    (193),   the  lower  part  of  alfalfa  plant  being 
less  digestible  than  the  top  portion   (20,    91,   217).  Hence, 
Troelsen  and  Campbell    (224)   emphasized  that  although  leafi- 
ness alone  may  not  be  adequate  as  a  sole  criterion  of  nutri- 
tional quality  of  alfalfa,   quality  estimates  may  well  be 
improved  by  placing  more  emphasis  on  the  leaf  to   stem  ratio. 

Insects   and  diseases 

The  effect  of  insects  and  disease  on  alfalfa  yields  and 
stand  has  been  covered  by  Graham  et  al.    (82)   and  App  and 
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Manglitz    (10).     Reduction  in  the  leaf  to  stem  ratio,  increase 
in  the  fiber  content,   or  reduction  in  the  protein  or  carotene 
content  by  diseases,   insects  and  other  pests,  invariably 
lower  the  feeding  value  of  alfalfa   (74,   110,   136,  234). 

Varietal  differences 

Little  or  no  difference  has  been  found   in  chemical 
composition  and   ±n  vivo  or  iri  vitro  digestibility  among 
alfalfa  varieties  harvested  at  the  same  stage  of  growth  (6, 
20,   108,   135).     However,    the  tendency  exists   for  the  later 
maturing  varieties  to  have  a  higher  digestibility  on  a  given 
date   (149).      Secondly,   differences  among  varieties   in  sus- 
ceptibility to   insect   and  disease  damage  can  influence  leaf 
loss  (243). 

The  form  in  which  alfalfa  is  fed 

In  the  United   States  hay,   silage,   and  greenchop  account 
for  more  than  95%  of  harvested  alfalfa  fed  on  the  farm  (19). 
Feeding  value  cannot   improve  after  the  plant   is   cut.  The 
preparation  of  alfalfa  hay,   silage,   greenchop,   etc.    and  their 
comparative  feeding  values  have  been  reported  by  Gordon  et  al. 
(80)   and  Barnes  and  Gordon  (155). 


CHAPTER  III 


EXPERIMENT  I 

EFFECTS  OF  DEFOLIATION  AT  TWO  DIFFERENT  STAGES   OF  GROWTH 
ON  HERBAGE  YIELD,    STAND  PERSISTENCE  AND  LEVEL  OF  CARBOHYDRATE 
RESERVES   IN  AFRICAN  AND  FLORIDA  66  ALFALFA 

Materials  and  Methods 
Two  varieties  of  alfalfa,  African  and  Florida  56,  were 
seeded  on  October  12,   1971  at   the  Agronomy  Farm,  Gainesville, 
Florida.     Planting  was  made  in  25.4-cm  rows  using  a  planter 
at  a  seeding  rate  of  22.4  kg/ha.     Prior  to  seeding,  1120 
kg/ha  of  dolomitic  lime  bad  been  applied  on  September  13, 
1971,   to  correct  the  pH  of  the  soil,   an  Arredondo  loamy  fine 
sand     (a  Grossarenic  Paleudult  sub-group).     Just  before  seed- 
ing,1120  kg/ha  of  0-10-20   (N-P2O5-K2O)   fertilizer,   11.2  kg/ha 
of  FTE  503  and  22.4  kg/ha  of  borax  were  disked  into   the  top 
soil  of  the  seedbed.      Subsequently,   560  kg/ha  of  0-10-20 
containing  170,   1077,   391  and  412  g  of  Cu,   Fe,   Zn  and  Mn, 
respectively,   were  applied  to  all  plots  every  6  weeks. 

■i  A  split  plot  experimental  design  was  used,  with  the  two 
varieties  of  alfalfa  being  the  main  plots  and  the   two  stages 
of  growth,   the  subplots.     There  were  six  replications.  Each 
subplot    (13.7  m  long)  was  made  of  14  rows  of  alfalfa.  Her- 
bage samples   for  estimating  dry  matter  yield  and  chemical 
composition  were  cut  at  3  and  6  weeks  of  growth  from  the 
first  seven  rows,  while  root  samples   for  percent  carbohy- 
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drate  analysis  and  cores   for   the  regorwth-in- the-dark  were 
taken  weekly   from  the  adjoining   seven  rows. 

Dry  Matter  Yields 

For  dry  matter  yield  and  chemical  composition  deter- 
minations,   5.31  m  of   the   three  middle  rows   of   the  first 
seven  rows  were  cut  using  a  sickle-bar  plot  mower.  Total 
net  weight  yields  were  recorded  and   subsamples  of  about 
0.5  kg  weed-free  forage  taken  from  each  replication  and 
dried  at   60C   in  forced  air  driers.      Their  weights  were  used 
in  calculating   total  dry  matter  yields   in  tons  of  oven- 
dried,   weed-free  hay  per  hectare. 

Percent   Carbohydrates   in   the  Roots 

From  April  20   to  November  14,   1972,   root   samples  were 
collected   each  week  from   the  adjoining   seven  rows   of  alfalfa 
in  each  plot.      Portions  of   the  roots,   approximately  15  cm 
below  the  crown,   were  washed   and  dried   in  an  electric  oven 
at   lOOC   for   1  hour   to   reduce   enzymatic   activity   (110),  and 
thereafter   at   between   70C  and   80C   for   2   days.      The  dried 
roots  were  ground   in  a  Wiley  mill  with  a   1-mm  screen,  and 
stored   in   sealed   polyethylene  bags  until   analysis.  Total 
nonstructural  carbohydrates    (TNC)   were  determined  by  the 
takadiastase  method   of   Smith   (110),    and   expressed   as  per- 
centages  of   root  dry  matter. 

Extent   of   Branching   in  Alfalfa  Roots 

Dried   root   samples   collected   every   sixth  week  were 
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separated  into  branch  roots  and  the  tap  root.     Their  sepa- 
rate weights  were  used  in  determining  the  extent  of  branch- 
ing in  the  two  cultivars  of  alfalfa  cut  at  3  and  6  weeks 
in  1972  and  at  6  weeks  in  1973,   by  computing  the  branch 
roots  to  total  roots  ratios. 

Regrowth  Potential  in  a  Dark  Chamber 

At  the  same  time  of  collecting  root  samples  for  TNC 
analysis  plugs  approximately  15  cm  in  diameter  containing 
a  row  of  alfalfa  plants  were  dug  from  the  field  and  placed 
into  plastic  pots.     The  aerial  parts  of  the  plants  were 
trimmed  off.     The  pots  were  placed  in  a  dark  chamber  where 
the  plants  were  allowed  to  grow  at  a  constant  temperature 
of  25. 5C  and  sufficient  moisture.     All  the  new  growth  was 
harvested  after  12  days,   dried  and  weighed.  Correlations 
were  made  between  these  weights  and  percentage  of  TNC  in 
separate  aliquots  of  roots  collected  at  the  same  time. 

Persistence  of  Stands 

Persistence  of  stands  was  determined  by  staking  a  1-m 
length  of  one  row  in  each  plot.      Number  of  surviving  plants 
were  counted  in  these  same  locations  in  the  spring  and  fall 
of  1972  and  1973.^ 

Statistical  Analysis 

Analysis  of  variance  of  a  split-plot  design  was  carried 
out  according  to  LeClerg  et  al.    (124)   on  all  the  data  collect- 
ed.    The  number  of  surviving  plants  at   the  end  of  each  season 
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were  expressed  as  percentages  of  the  original  stand  and 
transformed  to  arcsin  values  before  the  analysis  of  variance. 
Differences  between  treatments  were  declared  significant  at 
the   .1,   1  or  5%  levels  of  significance.     Duncan's  new  mul- 
tiple range  test   (69)  was  used  in  mean  separation  at  the  5% 
level  of  significance.     A  t-test  of  paired  samples  was  used 
in  the  second  season  to  analyze  data  collected  from  African 
and  Florida  66  both  of  which  were  cut  at  intervals  of  six 
weeks  from  adjacent  plots. 
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Results  and  Discussion 

Results  of  herbage  dry  matter  yields,  carbohydrate 
reserves,  morphological  characteristics  and  persistence 
of  African  and  Florida  66  alfalfa  were  obtained  over  a 
period  of  two  years,  while  regrowth  potential  was  deter- 
mined only  during  the  first  harvest  season. 

The  first  growth  of  African  and  Florida  66  alfalfa 
which  was   seeded  on  October  12,   1971,  was  cut  January  19, 
1972,   following  the  below  freezing  temperatures  of  January 
16  and  17  which  left  most  of  the  top  plant  parts  dead. 
The  dry  weight  of  herbage  removed  averaged  1.5  and  1.8 
MT/ha  in  African  and  Florida  66,   respectively.     The  next 
cutting  was  made  at   staging  on  April  18,   1972,   at  which 
stage  both  cultivars  were  in  mid-bloom.     At  this  cutting, 
African  and  Florida  66  averaged  2.3  and  2.8  MT/ha  of  dry 
matter,  respectively. 

The  last  cutting  in  the  first  season  was  made  on 
November  14.      Subsequent  regrowth  was  cut  on  January  16, 
1973  after  frost  damage.     The  next  cutting  was  made  at  the 
second  staging  on  April  2,   1973.     African  and  Florida  66 
cut  at  the  6-week  stage  of  growth  averaged  dry  matter  yields 
of  1.2  and  1.4  MT/ha,   respectively.     No  further  cuts  were 
made  at  the  3-week  stage  of  growth  in  both  cultivars   in  1973 
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as  the  1972  cutting  had  left  plots  virtually  void  of  plants. 

Dry  matter  yields  of  frost-kill  and  staging  cuts  were 
not  included  in  treatment  response  analyses. 

Dry  Matter  Yield 

The  seasonal  and  total  dry  matter  yields  of  African  and 
Florida  66  at  two  stages  of  growth  after  staging  are  presented 
in  Table  1  for  the  1972  growing  season.     A  total  of  10  and  5 
cuts  were  made  from  the  3-  and  6-weekly  cut  alfalfa,  respec- 
tively.    At  the  6-week  stage  of  maturity,   Florida  66  produced 
a  total  of  8.9  MT/ha  of  dry  matter,   which  was  significantly 
greater  than  the  7.7  MT/ha  produced  by  African.  Similarly, 
at  the  3-week  stage,   Florida  66  produced  significantly  more 
dry  matter   (4.7  MT/ha)   than  African   (4.0  MT/ha). 

Dry  matter  yields  tended  to  decline  with  each  consecu- 
tive cutting  at  both  stages  of  maturity,   with  Florida  66 
declining  less  than  African.     By  the  9th  cut,   the  3-weekly 
cut  alfalfa  produced  virtually  no  yield.     Therefore,   in  the 
1973  season  yield  data  were  obtained  from  the  6-weekly  cut 
plots  only. 

Seasonal  and  total  dry  matter  yields  for  1973  are  also 
shown  in  Table  1.     Florida  66  produced  a  total  of  8.2  MT/ha 
which  was  again  significantly  greater  than  the  6.2  MT/ha 
produced  by  African.     After  the  second  cut,   dry  matter 
yields  declined  as   the  season  progressed. 

Under  these  cutting  intervals,   Florida  66  alfalfa  was 
capable  of  producing  a  higher  yield  over  a  two-year  period 


52 

than  African.     These  results  further  substantiate  those  which 
were  reported  by  Prine   (167).     Under  different  cutting  manage- 
ment treatments,  Ruelke  and  Prine   (180)   obtained  satisfactory 
yields  of  Florida  66  over  a  period  of  3  years. 

Carbohydrate  Reserves 

The  results  of  this  study  are  presented  in  Table  2  and 
illustrated  in  Figures  1  and  2,   as  percentages  of  TNC  in  the 
oven-dry  roots  of  3-  and  6-weekly  cut  African  and  Florida  66 
alfalfa.     Root  samples  were  collected  weekly  for  30  weeks 
between  April  20  and  November  14,   1972.     The  two  alfalfas 
were  cut  10  times  at  the  3-week  stage,  and  5  times  at  the 
6-week  stage  of  maturity. 

At  staging,   TNC  in  the  roots  were  essentially  the  same 
in  both  cultivars.     Following  each  defoliation,   TNC  declined, 
and  then  built  up  to  another  peak  before  the  next  defoliation. 
This  trend  was  repeated  in  both  alfalfas  at  each  stage  of 
maturity  throughout  the  season. 

At  the  6-week  stage  of  maturity,   TNC  reached  the  lowest 
levels  approximately  three  weeks   following  defoliation  (Figure 
2).     At  the  first  cutting   (May  30),   TNC  in  both  cultivars  had 
apparently  reached  their  highest  peaks  and  had  started  to 
decline.      This  happened  again  in  Florida  66  at   the   2nd  cutting 
(July  11)   and  in  African  at   the  3rd   (August  22)   and  5th  (Nov- 
ember 14)   cuttings.     Graber  et  al.    (81)   and  Wlllard    (244)  and 
Willard  et  al.    (245),   reported  that   similar  drops   in  the 
level  of  root  TNC  occurred  in  mature  plants  of  alfalfa  due  to 
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the  removal  of  stored  carbohydrates  by  new  shoots  being 
initiated  from  the  crown.      In  the  3-weekly  cut  alfalfa 
(Figure  2),   TNC  reached  their  lowest  levels  sometimes 
in  one  week,   but  mostly  in  two  weeks,   following  defolia- 
tion. 

At  the  6-week  stage  of  growth  TNC  in  African  ranged 
from  24.4  to  36.9,  with  a  mean  of  31.6%.     The  range  for 
Florida  66  was  from  29.1  to  42.0,  with  a  mean  of  34.5%, 
which  was  significantly  higher  than  that  of  African. 
Florida  66  TNC  peaks  were  also  higher  than  the  correspond- 
ing peaks  of  African,   in  all  cases.     Following  each  defolia- 
tion TNC  levels  in  African  dropped  more  sharply  than  those 
in  Florida  66.     The  lowest  TNC  levels  in  Florida  66  were 
much  higher  than  the  corresponding  lowest  TNC  levels  in 
African  throughout  the  season. 

At  the  3-week  cutting  interval,  TNC  ranged  from  12.2 
to  35.1  with  a  mean  of  20.2%  in  African,  and  from  14.8  to 
38.5  with  a  mean  of  22.1%  in  Florida  66.  These  two  means 
were  not  significantly  different  at  P<.05. 

At  the  6-week  stage  of  growth,   out  of  5  TNC  peaks,  four 
in  Florida  66  and  only  one  in  African,   attained  greater  TNC 
percentages  than  their  respective  levels  recorded  at  staging. 
At  the  3-week  stage  of  maturity  TNC  content  declined  pro- 
gressively until  August  when  there  was  a  slight  upward  shift, 
but  neither  African  nor  Florida  66  again  reached  its  TNC 
level  recorded  at   staging.      In  most  cases,   especially  from 
July  onward,   levels  of  TNC  in  Florida  66  remained  higher  than 


54 


those  of  African.     However,   the  stand  of  alfalfa  cut  every 
3  weeks  grew  poorer  as   the  season  progressed.     The  slight 
increase  in  TNC  after  mid-August  was  probably  due  to  the 
fact  that  in  the  more  open  stand,   the  few  surviving  plants 
were  more  adapted,   had  less  competition  and  therefore  could 
store  more  carbohydrate  reserves.     Also,   in  September,  the 
high  temperatures  of  the  summer  started  dropping. 

Previously  in  Florida,   West  and  Prine   (164)  had  reported 
that  weekly  %TNC  in  Hairy  Peruvian  alfalfa  cut  at  the  first 
flower  stage  of  development  declined  progressively  to  the 
lowest  level  in  October,   and  never  again  reached  the  initial 
level  recorded  at  staging.     This  would  indicate  that  the 
first  flower  stage  of  maturity  which  averages  up  to  4  weeks 
In  Florida  was,   like  the  3-week  cutting  interval  in  this 
experiment,  not  long  enough  to  allow  for  full  replenishment 
of  carbohydrate  reserves. 

Percentages  of  TNC  in  root  samples  of  African  and  Florida 
66  alfalfa  at  6  weeks  of  maturity  from  November  14,   1972  to 
October  29,   1973  are  presented  in  Table  3,   and  illustrated 
in  Figure  3.     Percent  TNC  dropped  to  their  lowest  levels  in 
winter  and  then  built  up  to  higher  levels  by  April  2,  1973. 
In  the  northern  states  where  winters  are  colder  and  longer 
than  in  Florida,   it  has  been  reported  that  as  much  as  50% 
of  the  available  carbohydrates  stored  in  the  roots  during 
autumn  were  used  in  respiration   (43,   84).     The  low  levels 
of  TNC  obtained  during  Florida's  mild  winter  indicate  that 
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stored  carbohydrates  were  utilized  by  the  alfalfa  plants  in 
respiration  and  maintencance  during  the  season  of   little  or 
no     growth.     After  April   2,   Florida  66  maintained  a  compara- 
tively even  level  of  TNC   (31  to  33%),   while  African  fluc- 
tuated between  26  and  31%.     Florida  66  had  higher  %TNC  at 
each  sampling  time,   and  an  overall   significantly  higher 
(*^.05)  mean. 

Regrowth  Potential 

Weekly  dry  matter  yields  of  dark  chamber  regrowth  of 
African  and  Florida  66  alfalfa  cut  at  3   and  6  weeks  of 
growth  are  shown  in  Table  2.     These  are  illustrated  together 
with  percent  root  TNC   in  Figures  4,   5,   6  and   7.      In  all  cases, 
the  dry  weight  of  regrowth  produced   in  the  dark  chamber 
followed   a  similar   trend   or   pattern  as  weekly   %TNC  throughout 
the  growing  season.      Regrowth  weights   declined   following  each 
defoliation,   and   then  built  up  to  another  peak  before  the 
next  defoliation. 

At  the  6-  and   3-week  cutting  intervals,   African  and 
Florida   66  produced   a  mean   total   of   26.8   and   29.9   g  and 
9.3   and   9.7   g  of   oven-dry  regrowth,    respectively.  Thus, 
Florida  66  produced  more  dark  chamber  regrowth  than  African 
at   the   same   stage  of   cutting   interval,   but,   unlike  %TNC 
these  differences  were  not   statistically   significant  at 
P  <  .05. 

Regression  equations   for   the   prediction  of   TNC  using 
the  dry  wight  of  dark  chamber  regrowth  are  shown  in  Table  4. 
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All  equations   show  quite  high  positive  and  significant 
(P<  .001)   correlation  between  dry  matter  yields  of  12-day 
dark  chamber  regrowth  and  percent  root  TNC.     However,  in 
both  cultivars,    the  alfalfa  cut  at  3  weeks  of  maturity  had 
regression  equations  with  a  lower  Y-intercept,   higher  slope, 
higher  correlation  coefficient  and  higher  F  value  than  the 
corresponding  values   from  the  6-weekly  cut  alfalfa.  Simi- 
larly,  the  pooled  regression  of  African  and  Florida  66  cut 
at  3  weeks  of  maturity  had  a  lower  Y-intercept,   higher  slope, 
r  and  F  values  than  those  of  the  6-weekly  cut  alfalfa.  The 
mean  standard  error  of  estimate    (^y.x)   of  the  six  equations 
was  2.92. 

Similar  findings  have  been  reported  in  grasses    (1,  46, 
66)   and  in  red  clover   (111)   in  which  positive  correlations 
were  obtained  between  regrowth  potential  and  the  level  of 
reserve  carbohydrates.     All   the  dark  chamber  regrowths  in 
this  experiment  were  harvested  after  12-days  of  growth.  At 
this  stage  most  plants  had  reached  their  maximum  heights 
and  size  and  were  beginning   to  lodge   (Figure  8).  Preliminary 
studies  prior  to  the  experiment  had  also  indicated  that 
regrowths  beyond   the  12th  day  were  erratic  and  only  a  small 
fraction  of  the  initial   regrowth.     Furthermore,   since  re- 
growth potential  was  being  examined,    the  12-day  regrowth 
would  be  more  related   to   that   fraction  of  carbohydrate 
reserves   that   is  utilized  in  the  initiation  of  regrowth  in 
alfalfa   immediately  following  defoliation. 
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Branch-  and  Tap-root  Proportions 

Working  in  Florida,   Prine   (167)   reported  that  the  roots 
of  most  alfalfa  plants  died  up  to  within  15   to  21  cm  of  soil 
surface  due  to  soil-borne  diseases,   especially  during  heavy 
rainfall  in  summer,   and  that  persisting  plants  were  usually 
characterised  by  having  a  branched  root  system  in  upper  soil 
layers . 

In  the  studies  reported  herein,   comparison  of  rooting 
characteristics  of  3-  and  6-weekly  cut  African  and  Florida 
66  alfalfa  were  made  by  collecting  root  samples  every  6  weeks 
and  separating  them  into  branch-  and  tap-roots.     The  ratio 
of  branch-roots   to  total  roots  using  their  dry  weights  is 
shown  in  Tables  5  and  6  for  the  1972  and  1973  seasons, 
respectively. 

In  1972,   mean  ratios  within  cultivars  at  the  two  stages 
of  maturity  were  not  significantly  different  at  P<  .05.  How- 
ever,  between  cultivars,   African  had  a  significantly  larger 
proportion  of  branch-roots  than  Florida  66  both  in  1972  and 
1973.     Conversely,    since  total  roots  were  made  up  of  branch- 
and  tap-roots,   formed  81.5%  and  85%  of  total  roots  in  African 
and  Florida  66  in  1972,   respectively.     In  1973  these  propor- 
tions were   79%  and   85%,    respectively.      In  both  years  there 
were  no  heavy  rains  and  therefore  the  incidence  of  soil-borne 
diseases  on  tap-roots  was  minimal.     Thus,   a  stronger  and 
more  efficient  tap-root   system  probably  did  contribute  to 
the  better  performance  of  Florida  66  over  African  obtained  in 
this  experiment. 
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Number  of  Stems  per  Plant  and  Leaf   to   Stem  Proportions 

The  number  of  stems    (or  shoots  longer   than  8  cm)  per 
plant,   and   the  leaf-to-stem  ratio  are  presented   in  Tables 
5  and  6.     They  were  obtained   from  the  same  plants  used  in 
the  determination  of  br anch-roo t / tap-roo t  proportions 
reported  above.      In  1972   there  was  no  significant  differ- 
ence between   the  mean  number   of   stems   per   plant  within 
cultivars  at  both  stages  of  maturity.     However,  between 
cultivars,   African  produced  a  significantly  greater  number 
of  stems   than  Florida  66.     Likewise,    in  1973,   African  had 
a  significantly  higher  number  of   stems   than  Florida  66  at 
the  6-week  stage  of  maturity. 

In  1972,   3-week  old   alfalfa  plants   had   a  higher  leaf- 
to-stem  ratio   than  6-week  old   plants  within  cultivars. 
Between  cultivars,   African  had   a  significantly  higher  leaf- 
to-stem  ratio  than  Florida   66  at  corresponding  stages  of 
maturity.      However,    in  1973,   mean  leaf-to-stem  ratios  of 
6-week  African  and  Florida  66  were  similar. 

Persistence  of  Stands 

The  average  number   of   plants   per  meter   or   row  at  the 
beginning  and   end   of   each  growing   season   is   shown   in  Table 
7.      In  1972   Florida   66  had   a   significantly   greater  number 
of   surviving   plants   than  African  at   each  corresponding 
stage  of  maturity.      Likewise,    in  1973,    at   the  6-week 
stage  of  maturity,   Florida  66  had  greater  persistence  than 
African.      It   is   also   evident   that   cutting  at   3  weeks  affected 
plant   survival  more   adversely   in  African   than  Florida  66. 
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CHAPTER  IV 


EXPERIMENT  II 


THE  EFFECT  OF  RATE  AND  FREQUENCY  OF  FERTILIZER  APPLICATION 
ON  HERBAGE  YIELD,   PERSISTENCE,   AND  CHEMICAL 
COMPOSITION  OF  FLORIDA  66  ALFALFA 


Materials  and  Methods 
Florida  66  alfalfa  was  seeded  on  October  12,   1971,  at 
the  same  rate,   row  spacing  and  on  a  similarly  treated  seed- 
bed as  described  in  Experiment  I.     Just  before  seeding, 
48.8  plus   l86  kg/ha  of  P  and  K,   respectively,   22.4  kg/ha  of 
borax  and  11.2  kg/ha  of  FTE  503    (containing  approximately 
.34,   2.2,    .82  and   .78  kg  of  Cu,   Fe,   Mn  and  Zn ,  respectively) 
were  disked  into  the  top   soil  of  the  seedbed.     The  0-10-20 
(N-P2O5-K2O)     fertilizer,   mixed  with  FTE  503,   was  used 
(analysis   shown  in  Table  A-8)   to  make  up  the  following  treat- 
ments for  each  of  the  1972  and  1973  seasons: 


Treatment 

No.    of  Applications 

Kg/ha 
P 

/year 

K 

1 

0 

0 

2 

1  in  spring 

48.8 

186 

3 

1  in  spring 

97.6 

372 

4 

4  equal  splits 

24.4 

93 

5 

4  equal  splits 

48.8 

186 

6 

4  equal  splits 

97.6 

372 

77 
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The  amounts  of  micronutr ients  from  FTE  503  which  was  mixed 
in  the  fertilizer  were  approximately  as   follows   (Kg/ha) : 


Ltment 

B 

Cu 

Fe 

Mn 

Zn 

Mo 

1 

0 

0 

0 

0 

n 

2 

4.86 

.34 

2.16 

.82 

.78 

.02 

3 

7.29 

.51 

3.24 

1.23 

1.07 

.03 

4 

2.43 

.71 

1.08 

.41 

.39 

.01 

5 

4.86 

.34 

2.16 

.82 

.  78 

.02 

6 

7.29 

.51 

3.24 

1.23 

1.07 

.03 

Spring  applications  were  made  shortly  after   the  stag- 
ing cut  in  April,      Split  applications  were  made  after  the 
staging,   2nd,   4th  and   6th  cutting.     Treatments  were  ran- 
domly distributed  within  blocks,   with  six  replications. 
All   treatments  were  cut   at   first   flower.      Forage  dry  matter 
yields  and  persistence  of  stands  were  determined  as  in 
Experiment  I.     Dried  forage  samples  were  ground   to  pass 
through  a  1-mm  screen  in  a  Wiley  mill  and  stored   in  sealed 
polyethylene  bags   until   analysis.      Analysis   for   N  was 
carried  out  using   the  Technicon  Autoanalyzer   II   for  Kjeldahl 
N  determination   (213).      Phosphorus,   K,    Ca  and  Mg   and  the 
micronutrients    (Fe,   Cu,    Zn,    Mn)    were  determined  at   the  Soils 
Laboratory,   University  of   Florida,   using  A.O.A.C.  procedures 
(9).      Similar   procedures  were  used   in  determining   the  levels 
of   P,   K,    Ca  and  Mg   in   soil   samples   obtained   from  the   0   to  15 
cm  layer   of   each   treatment   plot   at   the  beginning  and   end  of 
each  season. 
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The  analysis  of  variance  of  a  randomized  complete  block 
design  was  used  according  to  LeClerg  et  al.    (124)   and  mean 
separation  according  to  Duncan's  new  multiple  range  test 
(69)  . 

Results  and  Discussion 

Results  of   herbage  dry  matter  yields,   persistence  of 
stands   and   percent   and   total  amounts   of  N,   P,   K,    Ca,   Mg ,  Fe, 
Cu,   Zn  and  Mn  in  harvested  Florida  66  alfalfa  were  obtained 
over  a  period  of   two  years. 

As  described   in  Experiment   I,    the   first   growth   of  Florida 
66   in  Experiment   II  was  also  cut  on  January  19,   1972   to  remove 
frost-damaged  herbage.      The  next   cutting  was  made  at  staging 
on  April   18,    1972  when   the  plants  were   in  mid-bloom.  Herbage 
removed   averaged   2.8  MT/ha  of   dry  matter. 

The  last   cutting   in   the   first   season  was  made  on  November 
27,   1972.      Subsequent   regrowth  was   cut   on  January   16,  1973 
after   the   frost   damage  of   January  14,    1973.      The  next  cutting 
was  made   at   the   second   staging   on  April   2,    1973,   which  averaged 
1.3  MT/ha  of  dry  matter   for   all   the  treatments. 

Dry  matter   yields   of   frost-kill   and   staging   cuts  were  not 
included   in   treatment   response   analyses.      All   significant  and 
non-significant  differences   quoted  herein  are   at   the  P<.05 
level  of  significance. 

Dry   Matter  Yields 

The   seasonal   and   total  dry  matter   yields   of   Florida   66  at 
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different  fertilizer  rates  and  frequencies  are  presented  in 
Tables  8  and  9  for  the  1972  and  1973  growing  seasons,  respec- 
tively.     In  each  season,   a  total  of  seven  cuts  were  made  from 
each  of  the  treatments,   which  were  cut  at  the  first  flower 
stage  of  development. 

In  the  1972  season  total  DM  yields  from  treatments  2,  3, 
5  and  6,   in  which  fertilizer  applications  were  made  once  and 
in  four  splits,   were  not  significantly  different.  However, 
treatment  4  produced  significantly  less  total  DM  yield  than 
the  four  treatments  above,  while  the  zero  fertilizer  treat- 
ment had  significantly  the  lowest  total  DM  yield.  All 
yields  declined  as  the  growing  season  progressed. 

In  the  1973   season,   four  split  applications  of  97.6  and 
372  kg/ha  of  P  and  K,   respectively,   produced   7.6  MT/ha  of 
dry  matter  which  was   significantly  the  highest.     The  zero 
fertilizer  treatment  produced  2.3  MT/ha  of  dry  matter  which, 
as  in  the  1972  season,   was  significantly  the  lowest  yield. 

For  both  seasons,   the  highest  total  dry  matter  yields 
of  15.4  and  14.3  MT/ha  were  from  the  highest  fertilizer 
rates   (treatments   6  and   3,   respectively;,   while  8.53  MT/ha 
from  the   zero  fertilizer  treatment  was  significantly  the 
lowest . 

These  data  show  that  Florida  66  alfalfa  positively 
responded   to   fertilizer  application  as  dry  matter  yields 
increased  with  increasing  levels  of  fertilization  up  to 
the  highest  rate  of   97.6  and  372  kg/ha  of  P  and  K,  respec- 
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tively.      Secondly,   differences  in  response  between  treatments 
were  more  pronounced  in  the  second,   than  in  the  first,  harvest 
season.      In  the  first  harvest   season  there  was  no  significant 
difference  in  response  between  and  within  the  two  highest  rates 
applied  in  single  or  split  applications.     However,   in  the 
second  season,   split  applications  of  these  gave  higher  yields 
than  their  respective  single  application  treatments   in  the 
first  season. 

Ruelke  and  Prine   (180)   reported  similar  findings  in 
Florida,    i.e.,   lack  of  significant  difference  in  yields  of 
Florida  66  alfalfa  between  fertilizer  rates   in  the  first 
harvest  season,   and  more  response  from  split  fertilizer 
applications,   especially  in  the  third  season. 

Persistence  of  Stands 

The  average  number  of  plants  per  meter  of  row  at  the 
beginning  and   end  of  each  season   (1972  and  1973)    is  shown 
in  Table  10.     The  number  of  surviving  plants  at  the  end  of 
each  season  was  expressed  as  percentages  of  the  original 
stand  counts  and  tranformed  to  arcsin  values  before  the 
analysis  of  variance  (135). 

At  the  two  highest   fertilizer  rates,   plant   survival  was 
greater  from  single  than  from  split  applications  at 
corresponding  rates   in  1972.      In  1973,   the  highest  fertilizer 
rate  in  single  application  again  had  the  highest   plant  survi- 
val rate.      In  1972  plant  survival  was   lowest   in  treatment  4 
(split  applications),   followed  by  the  zero   fertilizer  treat- 
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ment.     By  the  end  of  1973,   the  zero  fertilizer  treatment  was 
the  lowest 

In  general,   plant  persistence  was  more  enhanced  by  higher 
fertilizer  rates  in  the  first  and  second  seasons.     The  rela- 
tionship between  plant  persistence   (Table  10)   and  herbage 
dry  matter  yields    (Tables  8  and  9)   seems  to  be  more  positive- 
ly associated  with  increasing  fertilizer  rates  than  with 
split  vs  single  applications.     Previously,   Ruelke  and  Prine 
(180)   had  reported  from  a  3-year  study  that   the  greatest 
reduction  in  number  of  plants  occurred  where  all  the  ferti- 
lizer was  applied  in  one  application  in  the  fall,  indicating 
the  desirability  of  split  applications.      The  number  of  sur- 
viving plants  also  tended  to  increase  with  increasing  rates 
of  fertilization  but,   generally,   seasonal  differences  between 
fertilizer  rates  were  not  significant. 

Mineral  Composition 

The  composition  of  nine  mineral  elements  in  Florida  66 
alfalfa  hay  at  different  rates  and  frequencies  of  fertiliza- 
tion is  presented  in  Tables   11  and   12  for  the  1972  and  1973 
seasons,  respectively. 

Ca  and  Mg 

The  main  source  of   Ca  and  Mg  was   dolomitic  limestone 
which  was  applied  at  the  rate  of  1120  kg/ha  on  September  13, 
1971,   one  month  before  seeding.      The  main  purpose  of  liming 
was   to  correct  soil  acidity  to  a  pH  range  of  between  6.5  and 
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7.5  reported   (38,   255)  as  being  ideal  for  maximum  alfalfa 
production.     Lime  was  also  a  source  of  plant  nutrients,  Ca 
and  Mg.     Table  A-1  shows  that  average  pH  values  of  soils 
from  all  treatments  at  the  beginning  and  end  of  the  1972 
season  were  between  6.6  and  6.8.      In  1973  soils   from  all 
treatments  had  mean  pH  values  of   6.6  and  6.3  at   the  begin- 
ning and  end  of  the  season,  respectively. 

In  Tables   11  and  12,   percentages  of  Ca  and  Mg  in  plant 
tissue  decreased  with  increasing  amount   of  fertilizer  both 
in  1972  and  1973,   the  1973  levels  being  higher  than  at 
corresponding  treatments   in  1972.     These  concentrations  are 
within  the  range,   1  to  1.5%  for  Ca  and   .30%  for  Mg,  reported 
as  normal  composition  in  the  dry  matter  of  alfalfa  herbage 
(133,  173). 

Amounts  of  Ca  and  Mg  removed   in  harvested  alfalfa  are 
shown  in  Tables  13  and  14.     These  increased  with  increasing 
amounts  of  fertilizer.     The  amount  of  Ca  and  Mg  in  the  top 
15  cm  of  soil  shown  in  Tables  A-2  and  A-3   indicate  that  there 
was  very  little  change  in  composition  in  the  two  years,  the 
amounts  found   in  plant  tissue  being  only  a  small  fraction. 

Fe.   Zn,   Cu,   and  Mn 

The  main  source  of  these  four  micronutrients  was  fritted 
trace  elements    (FTE  503)   applied  just  before  seeding  in 
October  1971,   and  thereafter,   FTE  503  was  applied  in  mix- 
ture with  the  0-10-20  fertilizer,   at  the  rates   shown  in  the 
Materials  and  Methods  section. 
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Adequate  levels  of  Fe,   Zn,   Cu,   and  Mn  in  alfalfa  have  been 
listed  as  200,   21  to  70,   5   to  14,   and  20  to  100  ppm,  respec- 
tively  (133,   173).     Tables  11  and  12  show  that  the  levels 
of  these  micronutrients  were  within  the  adequate  range. 
The  amounts  of  Fe,   Zn,   Cu  and  Mn  removed  in  harvested  her- 
bage also  increased  in  proportion  to  dry  matter  yields, 
which  in  turn  increased  with  increasing  levels  of  fertili- 
zation . 

N,  P  and  K 

Average  composition  of  N  in  alfalfa  has  been  reported  as 
3%   (152)   and  adequate  levels  of  P  and  K  as   .20  to    .40%  and 
+2.0%,   respectively   (133).     Tables  11  and  12,   show  that  %N 
decreased  slightly  with  increasing  fertilizer  rates   in  both 
seasons,   but  these  differences  were  not   statistically  signi- 
ficant.    Likewise,   the  concentration  of  P  in  1972  and  1973 
were  similar  at  all  levels  of   fertilization.     On  the  other 
hand,   the  concentration  of  K  in  alfalfa  significantly  in- 
creased with  increasing  levels   of   fertilization.     The  zero 
fertilizer  treatment  in  1972  and  93  kg/ha  of  K  in  split 
applications  in  1973  fell  below  the  adequate  level. 

A  similar  relationship  between  N  and  K  was  reported  by 
Dionne  (63)  and  Klebesedale  (116)  who  found  that  the  per- 
centage of  crude  protein  (%N  x  6.25)  in  alfalfa  was  unaf- 
fected or  slightly  depressed,  while  dry  matter  yield  and 
total  CP  production  increased  with  increasing  rates  of  K 
fertilization.  This  is  not  unexpected  since  K  fertiliza- 
tion increases  DM  production  by  producing  taller  and  larger 
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alfalfa  plants  which  have  comparatively  more  stem  to  leaf 
ratio  and,  therefore,  increased  structural  components  and 
reduced  CP  concentration  (134). 

Tables  A-4  and  A-5  show  the  amounts  of  ammonium 
acetate   (PH  4.8)   extractable  P   (kg/ha)    found   in  the  surface 
15  cm  of  soil  at   the  start  and  end  of   the  1972  and  1973 
seasons,   respectively.     Also  shown  are  total  amounts 
applied  and   in  alfalfa  herbage.      In  both  years   there  was 
no  significant  response  to  different  rates  and  frequencies 
of  P  fertilization.      Concentrations  of  P  in  alfalfa  herbage 
(Tables   11  and   12)   were   similar   and   above   the  adequate 
level  of  0.30%.      This   indicated   that   the  soils  of  the 
location  where   this   study  was   conducted   had  adequate 
supplies  of  available  P  for  alfalfa  growth. 

The  amount  of  K   (kg/ha)    found   in  the  surface  15  cm 
of  soil  at   the  start  and  end  of   the  1972  and  1973  growing 
seasons   are   shown   in  Tables  A-6   and  A-7,  respectively. 
When  the  amounts  of  K  in  alfalfa  herbage     were  compared 
with  total  amounts  of  K  in  the  fertilizer  source,    it  was 
apparent   that   the  amounts  of  K  that  were  taken  up  by 
alfalfa  were  nearly  as   high  as,    and   sometimes  more  than, 
the  amount  of  K  in  the  fertilizer.      The  concentration  of 
K  in  alfalfa  and   DM  yield   of   alfalfa  were  significantly 
increased   by   increasing   levels   of   fertilization  up   to  the 
highest   fertilizer   rate    (372   kg/ha).      Therefore,  after 
meeting   the  basic   requirements   for   pH  and  micronutr ients , 
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K  was  the  most  likely  nutrient  to  be  limiting  in  alfalfa 
production  on  this  soil. 
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CHAPTER  V 


EXPERIMENT  III 


YIELDS,    STAND  PERSISTENCE  AND  QUALITY  OF  FLORIDA  66 
ALFALFA  SUBJECTED  TO   SIX  DIFFERENT  HARVESTING  SCHEDULES 


Florida  66  alfalfa  was  established  as  in  Experiment  I. 
All  plots  received  four  fertilizer  applications,   each  of 
48.8  and  186  kg/ha  of  P  and  K,   respectively,   and  5.6  kg/ha 
of  FTE  503  at  six  weeks  intervals  during  each  growing  season. 

Three  harvesting  criteria,   namely,   calendar  date,  stage 
of  growth  and  accumulated  heat  units  were  compared  at  two 
levels  of  each,   making  a  total  of   the  following  six  diffe- 
rent harvesting  schedules: 

Treat-  Harvesting  Harvest 

ment  criterion  schedule 


Materials  and  Methods 


1 


Calendar  date 


3  weeks 


2 


Calendar  date 


6  weeks 


3 


Stage  of  growth 


1st  bloom 


4 


Stage  of  growth 


Full  bloom 


5 


Heat  units 


1000  h.u. 


6 


Heat  units 


1500  h.u. 


9  4 
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Heat  units    (h.u.)  were  computed  by  substracting  the  base 
temperature  of  40F   (4.4C)   from  the  mean  of  maximum  and  minimum 
temperature  of  each  day  and  adding  these  up  until  totals  of 
1000  or  1500  h.u.   were  accumulated.     Weather  data  were  col-  . 
lected  from  a  meteorological  station   (Gainesville  2  WSW) 
situated  about   100  meters  from  the  plots.     A  summary  of  monthly 
temperature  and  rainfall  for  the  two  years  is  shown  in  Table 
A-9. 

The  six  treatments  were  randomly  distributed  into  each 
of  the  six  blocks    (replications).     Herbage  DM  yields,  per- 
sistence of  stands  and  crude  protein  percentage  were  deter- 
mined as   in  Experiment  II.     Percent  in  vitro  organic  matter 
digfiSticSn     (IVOMD)   was  determined  at  the  Forages  Laboratory, 
University  of  Florida,   using  the  two-stage  technique  of 
Tilley  and  Terry  which  was  modified  by  Moore  et  al.  (144). 

Analysis  of  variance  of  a  randomized  block  design  was 
carried  out  according  to  LeClerg  et  al.      (124)   and  treatment 
mean  separation  by  Duncan's  new  multiple  range  test  (69). 

Results  and  Discussion 
The  effects  of  cutting  Florida  66  alfalfa  at   two  inter- 
vals within  three  different  criteria,   namely,   fixed  calendar 
date,   physiological  stage  of  maturity  and  accumulated  heat 
units,  were  determined  in  terms  of  dry  matter  yields,  per- 
^sistence  of  stands,   CP  and   IVOMD  over  a  period  of  two  years. 

As  described  in  Experiment   I,   the  first   growth  of  Florida 
66  in  Experiment  III  was  also  cut  on  January  19,   1972,  to 
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remove  frost-damaged  herbage.     The  next  cutting  was  made  at 
staging  on  April  18,   1972  when  plants  were  in  mid-bloom. 
Herbage  removed  averaged   2.6  MT/ha  of  dry  matter. 

The  last  cutting  in  the  first   season  was  made  between 
November  2  and  27,    1972.      Subsequent  regrowth  was  cut  on 
January  16,   after  the  frost  damage  of  January  14,  1973. 
The  next  cutting  was  made  at   the  second  staging  on  April 
2,   1973,  which  averaged  1.3  MT/ha  of  dry  matter  for  all  the 
treatments . 

Dry  matter  yields  of  frost-damaged  herbage  and  staging 
cuts  mentioned  above  were  not   included  in  treatment  response 
analyses.     All  significant   and  non-significant  differences 
mentioned  herein  are  at  the  P<.05  level  of  significance. 

Number  of  Days  and  Total  Heat  Units   Between  Cutting  Intervals 

Tables  15  and  16  show  the  length  of   intervals  between 
different  cutting  treatments  of  Florida  66  alfalfa  in  the 
1972  and  1973   seasons,   respectively.      The  3-  and  6-week 
schedules  were  fixed  at   21  and  42  days.      In  both  seasons, 
the  first   flower  stage  varied  from  26  to  35,  with  a  mean  of 
28  days.     The  full  bloom  stage  varied  from  27   to  42,  with  a 
mean  of  36  days.      The  1000  h.u.    schedule  varied  from  21  to 
38,  with  a  mean  of  27   days,   and  the  1500  h.u.    schedule  from 
33  to   56,   with  a  mean  of  40  days.      In  terms  of  weeks,  the 
first  flower  and  1000  h.u.    schedules  averaged   4  weeks,  while 
the  full  bloom  and   1500  h.u.   averaged  5  and  6  weeks,  respec- 
tively. 
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From  a  practical  and  management  point  of  view,  fixed 
cutting  schedules,   i.e.,   3-  and  6-week  intervals,  were  the 
easiest  to  follow.     By  just  marking  them  off  the  calendar, 
it  was  possible  to  plan  ahead  and  to   fit  in  other  farm 
operations.      It  was  not  necessary  to  visit  the  field  as 
often  as  demanded  when  using  the  flowering  criterion  to 
determine  when  to  cut  the  alfalfa.     Thus,   fixed  cutting 
schedules  ran  the  risk  of  mismanagement  through  infrequent 
visits,   especially  where  it  was  necessary  to  check  the 
crop  for  weeds,   pests  and  diseases,   or  to  determine  irriga- 
tion needs. 

Cutting   intervals  based  on  accumulated  heat  units 
were  generally  longer  during  the  cooler  parts  of  the  season, 
i^e.,  mid-spring  and  the  first  half  of  fall.     Like  the  fixed 
cutting  date  schedule,   the  h.u.   system  did  not  require  visit- 
ing the  crop  at  all.      Cutting  dates  could  not  be  precisely 
predicted.     However,   this   system  kept  one  more  attuned  to 
weather  trends,   and  required  diligent  attention  in  computing 
h.u.   from  daily  temperatures. 

Tables  17  and  18  present   total  h.u.   accumulated  during 
intervals  between  different  cutting  schedules  of  Florida  66 
alfalfa  in  1972  and  1973,   respectively.     The  1000  and  1500 
h.u.   treatments  were  fixed.      In  both  years,   the  3-  week  stag 
of  maturity  ranged  from  490  and  892,   with  a  mean  of   780,  h.u 
The  6-  week  stage  ranged  from  1165  to  1770,   with  a  mean  of 
1571,   h.u.     The  first  flower  stage  of  maturity  ranged  from 
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784  to  1399,  with  a  mean  of  1112  h.u. ,  while  the  full  bloom 
stage  ranged  from  1026  to  1740,  with  a  mean  of  1385  h.u. 
At  the  3-  and  6-week  fixed  intervals,   fewer  h.u.   were  accumu 
lated  between  cuts  during  mid-spring  and  the  first  half  of 
fall,    i.e.,   the  cooler  parts  of  the  growing  season.  With 
flowering  stages  of  development,   especially  the  first  flower 
total  h.u.    fluctuated  around  their  respective  seasonal  means 
Like  the  h.u.   systems,   cutting  intervals  between  flower 
ing  stages  were  generally  longer  at  the  beginning  and  toward 
the  end  of  the  growing  seasons.     The  first   flower  and  full 
bloom  stages  were  fairly  easy  to  recognize  although,  often, 
with  some  degree  of  subjectivity.     However,   the  system  made 
one  more  acquainted  with  the  development  of  the  crop  since 
frequent  visits  were  necessary  in  order  to  observe  and  deter- 
mine whether  and  when  plants  were  at  first  flower  or  in  full 
bloom. 

Dry  Matter  Yields 

Dry  matter   (DM)   yields  of  Florida  66  alfalfa  at  differ- 
ent cutting  criteria  are  presented  in  Tables  19  and   20  for 
the  1972  and  1973  growing  seasons,   respectively.     The  number 
of  cuts  per  treatment  ranged  from  5  to  10  in  1972  and  from 
5  to  9  in  1973.      In  both  years,   DM  production  decreased  from 
the  beginning  to  the  end  of   the  growing  season.  Secondly, 
total  DM  production  for  each  treatment  was  higher   in  1972 
than  in  1973. 
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In  1972  alfalfa  cut  at   6  weeks  of  maturity  had  a  total 
DM  yield  of  9.2  MT/ha  which  was  the  highest.     The  1500  and 
1000  h.u.    treatments  produced  the  second  and  third  highest 
yields.     The  full  bloom  treatment  produced  the  next  DM  yield 
which  was  similar   to  those  of   the  two  heat  unit  treatments. 
The  second  lowest  yield  was  obtained  from  alfalfa  cut  at 
the  first  flower  stage  of  development.     The  3-week  cutting 
interval  produced  a  total  of  5.2  MT/ha,  which  was  signifi- 
cantly the  lowest  yield.      In  1973,   the  6-week  cutting 
interval  produced  8.8  MT/ha  of  total  DM  which  was,  again, 
significantly  the  highest  yield.      The  3-week  cutting  inter- 
val produced  2.2  MT/ha  which  was  also  significantly  the 
lowest.      Cutting  at   full  bloom  and  at  1500  h.u.  produced 
the  second  highest  yield,   while  DM  yields  from  1000  h.u. 
and  first  flower  treatments  were  the  second  lowest. 

Clearly,   therefore,   dry  matter  yields  of  Florida  66 
alfalfa  were  greatly  influenced  by  the  three  cutting  criteria 
The  development   of  alfalfa  under  fixed  cutting  intervals  and 
cutting  intervals  under  fixed  heat  units  and  flowering  stages 
were  all  influenced  by  changes   in  weather,   especially  tempera 
ture.      Similar  trends   in  dry  matter  production  have  been 
reported  by  Jones    (105),   Weir  et   al .    (240),   and  Peterson  and 
Hagan   (164).      Their  largest   total  DM  yields  were  obtained 
when  alfalfa  was  cut   at  a  5-week  interval  in  comparison  with 
either  2-,   3-,   or  4-week  cutting  interval.     With  respect  to 
the  flowering  stage,   dry  matter  yields   increased  per  cutting 
up  until  the  time  of   full  bloom. 
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Percentages  and  Yield  of  CP 

The  percentage  of  CP  in  Florida  66  alfalfa  at  different 
cutting  schedules   is  shown  in  Table  21.     In  1972,  3-week 
alfalfa  had  24.0%  which  was  significantly  the  highest.  How- 
ever,  total  CP  which  was  1.2  MT/ha  in  harvested  alfalfa  was 
significantly  the  lowest.     Treatments  which  had  longer  cutt- 
ing intervals,   namely,   6-week,   full  bloom  and  1500  h.u., 
had  lower  CP  percentages    (approximately  18.0%),   but  higher 
CP  yield,   than  treatments  cut   at   shorter  intervals.      In  1973, 
3-week  alfalfa  again  had  the  highest  CP  and  the  lowest 
yield  of  CP  per  hectare.     First  flower  and  full  bloom  treat- 
ments had  similar  CP  but   full  bloom  had  a  significantly 
higher  CP  yield  which,   together  with  that  of   the  6-week 
alfalfa,   were  significantly  the  highest.     As   in  1972,  treat- 
ments with  longer  cutting  intervals  had  lower  CP,   the  1500 
h.u.   treatment  had  22.7%  which  was  the  lowest.      In  all  cases, 
CP  in  1973  was  several  units  higher  than  at  corresponding 
treatments  in  1972.      This  might  have  been  due  to  a  more 
developed  root /rhizobia  system  concentrating  their  N 
into  plants  whose  sizes  were  visibly  a  little  less   than  those 
of  the  first  season. 

Average  length  of  intervals    (in  days)   between  cuts  of 
the  six  treatments  has  been  shown  in  Tables  15  and  16.  Data 
in  Table  21  clearly  indicate  that  CP  in  Florida  66  alfalfa 
decreased  with  advancing  maturity,   or  as  the  cutting  interval 
was  lengthened.     The  yield  of  CP  per  hectare  was  influenced 
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more  by  DM  yield  per  hectare  than  by  the  percentage  of  CP 
in  herbage.     The  lowest  concentration  of  CP  was  17.9%  in 
1972,   and  23.9%   in  1973,   both  from  the  6-week  alfalfa. 
This  demonstrates   the  value  of  alfalfa  as  a  source  of 
protein  which,   even  at  an  advanced  stage  of  maturity,  is 
still  considerably  higher  than  can  be  found  in  most  other 
feeds  at  comparative  or  lower  stages  of  maturity  (52). 

Percent   IVOMD  and  Yield  of  DOM 

Data  on  percent  IVOMD  and  digestible  organic  matter  (DOM) 
per  hectarei-in  Florida  66  at  different  cutting  treatments 
are  presented  in  Table  22.     With  reference  to  Tables  15  and 
16   (cutting  intervals)   and  Table  21 (percentage  and  yield  of 
CP), the  percentage  of  IVOMD,    like  that  of  CP,   decreased  with 
advancing  maturity,   or  as   the  cutting  interval  was  lengthened. 
Secondly,   percentages  of  IVOMD  in  1973,   like  CP,     were  higher 
than  at  corresponding  treatments   in  1972.      Similarly,    in  both 
years,   the  yield  of  DOM  was  partly  influenced  by  %IVOMD,  but 
largely  by  total  DM  yield  per  hectare.     For  the  two-year 
period,   3-week  alfalfa  averaged   73.8%   IVOMD,   which  was  the 
highest,   but   its  DOM  yield  was   significantly  the  lowest.  In 
1973  6-week  alfalfa  averaged   67.2%  IVOMD  which  was  the  lowest. 
However,   6-week  alfalfa  had   the  highest  DOM  in  1972  and  1973. 
This   further  illustrates   the  value  of   Florida  66  alfalfa  as 
a  feed  with  high  concentration  and  yield  of  protein,  digesti- 
bility and  DOM,    even  at   advanced   stages   of  maturity. 
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Persistence  of  Stands 

The  average  number  of  plants  per  meter  of  row  at  the 
beginning  and  end  of  each  growing  season  is  shown  in  Table 
23.     The  number  of  surviving  plants  at  the  end  of  each  season 
was  expressed  as  percentages  of  the  original  stand  counts 
and  transformed  to  arcsin  values  before  the  analysis  of 
variance,   according  to  LeClerg  et  al.    (124).     With  reference 
to  Tables  15  and  16   (intervals  between  cuts)   it  is  clear 
that  in  both  years  the  persistence  of  Florida  66  was  gener- 
ally better  when  the  cutting  intervals  were  longer.  Alfalfa 
cut  at   3  weeks  of  age  had  significantly  the  lowest,  while 
cutting  at  full  hloom  had  the  highest,   survival  rate.  The 
6-week  alfalfa  had  the  second  highest   survival  rate  both  in 
the  first  and  second  seasons.     The  survival  rate  of  alfalfa 
in  the  1500  h.u.    treatment  was  only  significantly  higher 
than  that  of  the  1000  h.u.    treatment   in  the  second  season. 

The  goal  of   the  alfalfa  producer  is  to  obtain  the  larg- 
est yield  of  high  quality  forage  consistent  with  reasonable 
stand  survival.     Hence,   in  selecting  the  best  cutting  crite- 
rion,  plant  survival  data  should  be  evaluated  in  conjunction 
with  other  components  of  yield.      In  Tables  19,   20,   21  and  22 
6-week  alfalfa  had  the  highest  yield  of  DM,   CP  and  DOM  per 
hectare.     On  the  other  hand,   yields  of  DM,   CP  and  DOM  from 
full  bloom  alfalfa  whose  cutting  intervals  averaged  5  weeks 
and  which  had  the  highest  plant   survival  rate,   were  slightly 
less  than  those  of  the  alfalfa  cut  at   6  weeks  of  maturity. 
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Some  components  of  yield  of  the  1500  h.u.    treatment  were 
similar  to,   and  others  higher  than,   those  of  the  full  bloom 
alfalfa . 

Smith  et  al.    (203)   have  stressed  the  importance  of 
cutting  alfalfa  based  on  its  physiological  stage  of  develop- 
ment,  i.e.,   the  flowering  stage.     However,   in  Florida,  high 
day  and  night   temperatures  not  only  enhance'  rapid  development 
to  flowering  but  also  loss  of  carbohydrate  reserves  through 
respiration.     Therefore,   on  the  basis  of   flowering  stage, 
alfalfa  would  be  cut  at  shorter,   rather  than  longer,  inter- 
vals which  appear  to  be  necessary  for  building  up  sufficient 
carbohydrate  reserves  before  the  next   cutting.      In  light  of 
the  findings  of   this  experiment,   the  6-week  cutting  interval 
appears   to  have  favored  the  highest  productivity  and  reason- 
able persistence  of  Florida  66  alfalfa  during  the  first  two 
years  of  growth. 
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CHAPTER  VI 


EXPERIMENT  IV 


EFFECT  OF  STAGE  OF  MATURITY  ON  HERBAGE 
YIELD  AND  FEEDING  VALUE  OF  FLORIDA  66  ALFALFA 


Introduction 

In  previous  experiments  with  Florida  66  alfalfa  it  was 
indicated  that  when  the  alfalfa  was  cut  at  a  young  stage  of 
maturity  it  was  highly  digestible,   but   that   it  did  not  con- 
tinue to  yield  enough  total  forage  to  make  further  produc- 
tion economical.     Moreover,   at  young  stages  of  maturity, 
e.g.,   3  weeks,   alfalfa  was  cut  more  frequently  than  any 
other  treatment.      This  means   that   the  increased  number  of 
haying  operations  per  season,   coupled  with  greater  diffi- 
culty in  drying  the  immature  forage,   further  increases  the 
cost  and  labor  involved  with  the  short   cutting  interval. 
At  the  other  extreme,   it  would  be  desirable  to   know  when  to 
cut  the  alfalfa  before  it   is  so  mature  that  decreased  di-:'. 
gestibility  offsets  the  increased  yield  obtained  as  the 
forage  matures. 

The  results  of  Experiment   IV  being  reported  here  have 
covered   the  DM  yield  and   quality    (chemical  composition,  in- 
take,  digestibility  and  their  interrelationships)   of  Florida 

113 


114 


66  alfalfa  at  three  stages  of  maturity  during  part  of  the 
1973  growing  season. 

Materials  and  Methods 

Approximately  0.8  ha  of  land  at  the  University  of 
Florida  Agronomy  Farm,   Gainesville,  were  seeded  with  Florida 
66  alfalfa  in  25.4-cm  rows  on  October  13,  1972.     A  seeding 
rate  of  22.4  kg/ha  was  used.     Prior  to  seeding,  dolomitic 
lime  had  been  applied  to  the  soil,   the  Arredondo  loamy  fine 
sand   (a  Grossarenic  Paleudult  sub-group)   on  September  13, 
1972,   at  the  rate  of  2240  kg/ha.     Just  before  seeding  time, 
48.8,   186,   11.2  and  4  kg/ha  of  P,  K,   FTE  503  and  aldrin, 
respectively,  were  disked  into  the  top  soil. 

On  April  3,   1973,  all  the  topgrowth  was  cut  and  removed. 
The  area  was  divided  into  three  strips.   A,   B  and  C   to  be  cut 
at  3,   4.5  and  6  weeks  of  maturity,   respectively,   as  shown 
below: 

Strip  Maturity  and  date  of  cuttini^  Total  no.    of  cuts 

A  3  weeks  4/24,   5/15,   6/5,  ..  .  3 

B  4.5  weeks  5/4,   6/6,   7/5,   8/8  4 

C  6  weeks  5/16,   6/27,   8/9  3 

Strips  A  and  C  received  24.4,   93  and  5.6  kg/ha  of  P,   K  and 
FTE  503,   respectively,   on  March  4,  April  5,   May  17  and  June 
29.      Strip  B  had  similar  amounts  on  March  4  and  April  5,  and 
then  36.6,   139.5  and  8.4  kg/ha  of  P,   K  and  FTE  503,  re- 
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spectively,   on  June  7  and  July  6. 

Alfalfa  was  cut   to  a  4-cm  stubble  using  a  tractor-mount- 
ed sickle-bar  mower.   Cutting  was  done  in  the  morning  and 
the  partially  wilted  forage  loaded  onto  a  drying  wagon  in  the 
afternoon.     Drying  was  completed  overnight,   using   forced  heat- 
ed air  at  about  60C.      Shortly  afterwards   the  dry  hay  was 
chopped  and  stored  in  bags  until  feeding  time. 

Percent  CP,   NDF  and  IVOMD  in  Field  Samples 

Before  each  cutting,   samples  of  alfalfa  forage  were 
cut   from  four  randomly  selected  areas   (approx.    0.0004  ha 
each)   in  each  strip,   dried  and   ground  in  a  Wiley  mill  to  pass 
through  a  1-mm  screen.     Later   they  were  analysed  for  %CP 
and  %IVOMD  as  in  Experiment   III,   and   for  %NDF  using  the 
method  of  Van  Soest  (231). 

In  Vivo   Intake  and  Digestibility 

A  total  of  nine  hays,    2,   4   and  3  from  the   3-,   4.5-  and 
6-week  mature  alfalfa  ,  respectively,   were  used  in  the  feed- 
ing trial   (Table  A-10) .     Voluntary  intake  and  nutrient 
digestibility  of  the  hays  by  sheep  were  determined,   using  the 
procedure  of  Moore  and  Walker    (143).     Thirty  six  Florida 
native  x  Suffolk  wether   lambs   10  months   old   and  averaging 
32.1   kg  of  body  weight  were   fed   the  nine   hays   in  a  randomized 
complete  block  design.      Sheep  were  assigned  to   four  blocks 
according  to   initial  weights,   and  randomly  assigned  to  the 
nine  treatments  within  blocks. 
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Sheep  were  fed  in  individual  cages,   0.67  m  by  1.33  m, 
with  slatted  floors  and  provision  to  collect  any  hay  dropped 
on  the  floor  of  the  cage    ("waste");   water  was  available 
continuously  through  an  automatic  system;   salt  which  con- 
tained micronutrients  and  def luorinated  phosphate  was  kept 
before  each  animal  in  separate  boxes.     Feces  were  collected 
in  canvas  bags  attached  to  the  animal  by  means  of  a  harness; 
urine  was  not  collected. 

A  week  prior  to  the  experiment  the  sheep  were  confined 
in  pens   in  a  barn  and  all  fed  a  standard  hay  of  alfalfa  plus 
salt  and  phosphate.     The  sheep  were  wormed  on  the  first  day 
of  this  conditioning  period.     A  preliminary  period  of  14 
days  was  allowed  during  which  the  amount  of  experimental 
hays  offered  was  adjusted   to  achieve  voluntary  intake.  The 
sheep  were  fed  once  daily  at  10:00  a.m.   and  orts  (refused 
hay)  were  weighed  just  before  feeding.     If  a  sheep  left  less 
than  200  g  on  any  given  day,   the  amount  offered  was  increased 
by  300  g  over  the  amount  offered  the  day  before.     When  more 
than  300  g  were  left  for   three  consecutive  days,   the  amount 
offered  was  reduced  by  100  g  each  day  until  200-300  g  were 
left. 

The  15th  through  21st  days  constituted   the   intake  measure- 
ment period.     On  each  of   these  days  a  sample  of  hay  was  taken 
representing  an  average  weight  of   the  total  amount  offered  to 
all   sheep   receiving   that   hay;    each  sample  was   placed   in  an 
airtight  plastic  bag.     The  seven  daily  hay  samples  were  com- 
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posited,   ground  through  a  hammermill  with  a  0.63  cm  screen, 
mixed  and  about  a  2-kg  subsample  was  reground  through  a 
Wiley  mill  with  a  4-mm  screen,  mixed  and  a  200-g  portion 
reground  through  a  1-mm  screen,   of  which  about  80  g  was 
stored  in  an  airtight  polyethylene  bag. 

The  total  quantity  of  orts   from  each  sheep  was  collect- 
ed, weighed  and  saved  each  day  from  the  16th  through  the 
22nd  day.     The  total  orts  for  each  sheep  for  seven  days  were 
composited,   dried  in  forced  heated  air  at  about   60C  and 
allowed  to  equilibrate  with  atmospheric  moisture  for  two 
days.     They  were  then  weighed  and   immediately  ground  through 
the  4-mm  and  1-mm  screens  of  the  Wiley  mill  as  above.  A 
sample  of  about  80  g  was  stored   in  an  airtight  polyethylene 
bag. 

Waste  was  allowed  to  accumulate  from  day  16  through  22 
when  a  thorough  collection  was  made.     The  total  collection 
from  each  sheep  was  weighed  and   if   it  exceeded  140  g  (20 
g/day)   it  was  dried,   equilibrated  and  ground  as  described 
for  orts  above.     Waste  of  less  than  140  g  for  seven  days 
was  considered  within  experimental  error  and  discarded. 

Feces  bags  were  emptied  daily  throughout   the  experi- 
ment;  this  was  done  immediately  after  removing  orts  and 
prior  to  feeding.     On  the  17th  through  23rd  days,   the  total 
quantity  of  feces  voided  during  the  previous  24  hours  was 
collected   in  a  bucket,  weighed,   mixed  by  hand  and  a  repre- 
sentative 20%  portion  placed  in  a  plastic  bag  and  frozen. 
The  seven  daily  feces  sample  from  each  sheep,  representing 
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20%  of  the  total  voided,  were  placed  in  one  large  nylon  bag 
and  dried  under  forced  air  at  60C  using  a  crop  drier.  After 
equilibration  with  atmospheric  moisture,   the  total  sample 
was  weighed  and  ground  through  the  4-mm  screen  of  the  Wiley 
mill.     A  representative  sub-sample  was  immediately  reground 
through  the  1-mm  screen  and   stored  in  an  airtight  polyethyl- 
ene bag. 

After  the  experiment,   dry  matter    (DM),   organic  matter 
(OM) ,   CP,   and  NDF   (ash  free)   analyses  were  carried  out  on 
the  ground   (1-mm)   hay,   orts,   waste  and  feces  samples.  Hays 
and  orts  were  analyzed   for   IVOMD . 

Voluntary  OM  intake,   digestible  OM  intake,   and  apparent 
OM  digestibility  were  calculated   for  each  sheep  as  follows: 
Average  daily  OM  intake  =  A  -  B  -  C 

Average  daily  digestible  OM  intake  =A-B-C-D 

Apparent  OM  digestibility  =  A  -  B  -  C  -  D  ^  j^qq 

A  -  B  -  C  ^ 

Where, 

A  =  avg.   daily  OM  offered,  g 

=   (%  OM  of  hay)   x   (total  weight   of  hay  offered) 
100  7   

B  =  avg.   daily  OM  refused      (orts),  g 

=   (%  OM  of  orts)x   (total  weight  of  orts  refused) 
100  7  ^ 

C  =  avg.    daily  OM  wasted,  g 

=    (%  OM  of  waste)x    (total  weight   of  waste) 
100  J  ^ 
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D  »  avg.   daily  OM  excreted   (feces),  g 

"   (%  OM  of  dried  feces)   x  5  x   (wt .   of  feces  aliquot) 
100  7   

Intake  and  digestion  of  CP  and  NDF  were  calculated  by 
multiplying  hay,   orts,   waste  and  feces  weights  by  the  per- 
centages of  CP  and  NDF   (ash-free)   in  hay,   orts,  waste  and 
feces,   and  substituting  these  values  as  appropriate  in 
the  above  equations.     After  fecal  collection  and  before 
feeding  on  the  23rd  day,   the  sheep  were  weighed.  This 
weight  was  used  in  expressing  the  average  daily  intakes  in 
terms  of  g/kg  BW*'^^. 

Percent   IVOMD,   %  CP  and  %  NDF  of  Leaf  and  Stem  Constituents 

Representative  samples  of  chopped  hay  were  saved  from 
each  of  the  nine  hays   that  were  fed  to  sheep.     Exactly  0.5 
kg  portions  of  each  were  separated  by  hand  into  leaf  and 
stem  fractions.     After  weighing,  the  separate  portions  were 
ground  through  a  1-mm  screen  of  a  Wiley  mill.  Proportionate 
weights  of   the  two  ground  leaf  and   stem  fractions  were  mixed 
together  to  reconstitute  a  whole  sample.      Sub-samples  of 
the  ground  leaf, stem  and  reconstituted  whole  sample,  making 
a  total  of  27,   were  analysed   for  %  IVOMD,    %  NDF  and  %  CP. 
These  values  were  then  compared  with  those  obtained  on 
samples  of  whole  alfalfa  plants  which  were  cut   from  the  field 
at  the  time  the  hay  material  was  cut,   and  also  with  similar 
values  obtained  on  refused  hay  (orts). 
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Results  and  discussion 

Dry  Matter  Yield 

Dry  matter  yields  of  Florida  66  alfalfa  cut  at   3,  4.5 
and  6  weeks  of  age  between  April   2  and  August   9,   1973  are 
shown  in  Table  A-9.     Originally,    it  had  been  planned  to 
obtain  six  cuts  from  the  alfalfa  strip  that  was  cut  at  three 
weeks  of  age.      However,   only  three  cuts  were  made,  beyond 
which  the  stand  of  alfalfa  plants  was   too   thin  to  realize 
sufficient  hay  in  further  cuts   for  the   intake  and  digesti- 
bility study.     Most  of   the  second  cut  3-week  alfalfa's 
tender  leaves  and  stems  were  pulverized  by  the  chopper  as 
it  was  chopped  when  it  was   still  too  dry  and  brittle.  There- 
fore,  this  hay  was  not   included   in  the  intake  and  distibi- 
lity  study.      The  4.5-  and   6-week  treatments  had  four  and 
three  cuts,    respectively,    as  originally   planned.      Within  a 
period  of  18  weeks,   cutting  at   4.5  weeks  of  maturity  produced 
a  total  of  9.0  MT/ha  while  the   6-week  cutting  interval  pro- 
duced a   6.9  MT/ha. 

Percentages   of   CP,   NDF  and   IVOMD   in  Hav 

The  percentages  of  CP,   NDF  and  IVOMD  of   the  nine  hays 
that  were  chopped  and   fed  to  sheep  are  presented   in  Table 
24.      Percent   CP  ranged   from  16.8    (third   cut   of   6-week  hay) 
to   30.6    (first   cut   of   3-week  hay),   with  a  mean  of  22.5. 
Within  each  maturity  group   CP   percentage   tended   to  decrease 
at   each  consecutive   cutting.      Percent   NDF  ranged   from  33.3 
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(first  cut  of  3-week  hay)   to  51.7   (second  cut  of  6-week  hay), 
with  a  mean  of  43.8.     Within  each  maturity  group,   NDF  gener- 
ally increased  progressively  with  subsequent  cuts.  Percent 
IVOMD  ranged  from  59.5    (second  cut  of  6-week  hay)   to  73.9 
(1st  cut  3-week  hay),   with  a  mean  of  65.5.     Within  each 
maturity  group,   subsequent  cuts  had  lower  IVOMD  than  the  first 
cut . 

Effect  of  Hay-making  on  CP.   NDF  and  IVOMD 

At  the  time  each  crop  of  hay  was  cut,    fresh  samples  of 
whole  alfalfa  plants  were  taken  and  dried  separately  from 
the  rest  of  the  hay.     Percentages  of  CP,   NDF  and  IVOMD  of 
these  samples  which  did  not  go  through  the  processes  of  hay- 
making and  chopping  are  shown  in  Table  24  alongside  those 
of  their  respective  chopped  hays.      In  all  cases  but  one, 
chopped  hays  had  lower  CP  than  field   samples,  with  a  mean 
reduction  of  2.0  units.      By  contrast,   all  chopped  hays  had 
higher  NDF  than  field   samples,   with  a  mean  increase  of  5.0 
units.     Percent   IVOMD  in  all  but  one  case  were  lower  in 
chopped  hay  than  in  field  samples,  with  a  mean  reduction  of 
2 . 2  units . 

Higher  NDF  and  lower  CP  and   IVOMD  values   in  chopped  hay 
were  largely  due  to  loss  of  dry  leaves  and  other  tender 
plant  parts  which  were  visibly  lost  during  the  loading  of 
the  partially  sun-dried  alfalfa  onto   the  wagon  where  drying 
was  completed  with  forced  hot  air,    the  unloading  of  the  dry 
hay  from  the  wagon  into   the  chopper,   the  chopping  process  and 
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bagging     and  transportation  to  storage  of  the  chopped  hay. 
Chopping  was  only  necessary  for  ease  of  handling  daily  amounts 
of  hay  that  were  fed  to  sheep  in  individual  cages.  Ordi- 
narily,  such  losses  of  tender  parts  would  occur  during  the 
baling  of   sun-dried  hay,  without  further  losses  in  the  chopper. 

Organic  Matter  Intake  and  Digestibility  by  Sheep 

Results  of  OM  intake  and  digestibility  by  sheep  of  Florida 
66  alfalfa  at  three  stages  of  maturity  are  presented  in  Table 
25.     Average  daily  total  OM  intake  in  g/kg  BW'^^  ranged  from 
75.5    (second  cut  of  6-week  hay)   to  92.9    (second  cut  of  3-week 
hay),  with  a  mean  of  85.4.     However,   there  was  no  significant 
difference  between  total  OM  intake  of  all  the  nine  hays. 
Digestible  OM  intake   (DOMI)   in  g/kg  BW*^^  per  day  ranged  from 

46.7  (second  cut  of   6-week  hay),   which  was  significantly  the 
lowest,   to  66.8    (third  cut  of  3-week  hay),   whichwas  signifi- 
cantly the  highest  intake.     The  first  cut  of  3-week  alfalfa 
had  the  second  highest  DOMI  of   62.7  which  was  not  signifi- 
cantly different   from  that  of  the  third  cut   3-week  hay.  There 
was  no  definite  trend  in  DOMI  values  within  each  of   the  three 
maturity  groups.     However,   between  maturity  groups,   mean  DOMI 
decreased  with  increasing  maturity. 

The  highest  percent  ±t\  vivo  OM  digestibility   (OMD)  was 
72.2  from  the  first  cut  of   3-week  hay  which,    together  with 

71.8  (third  cut  of  3-week  hay)   and   70.4   (first  cut  of  4.5- 
week  hay),   were  significantly  the  highest.      The  lowest  per- 
cent  in  vivo  OMD  value  was   62.5  from  the  third  cut  of  6-hay 
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which,   together  with  63.0   (second  cut  of  6-week  hay)  and 
63.7   (second  cut  of  4.5-week  hay),  were  significantly  the 
lowest.     Within  maturity  groups,  digestibilities  decreased 
with  subsequent  cuts  except   the  second  cut  of  4.5-week  hay 
whose  digestibility  was  lower  than  those  of   the  two  subse- 
quent cuts.     Between  maturity  groups,   mean  in  vivo  OMD 
decreased  with  increasing  stage  of  maturity. 

A  positive  relationship  between  DOMI  and  in  vivo  OMD 
of  various  forages  has  been  reported  by  numerous  workers 
in  the  literature.     Using  the  nine  hays  in  this  experiment, 
this  relationship  was   found  to  have  the  following  regression 

equation:     Y  =  34.73  +  1.37X;   S^,  ^  =  3.41.  where  X  =  in  vivo 

y  •  X  —   

OMD   (%)  and  Y  =  DOMI  in  g/kg  BW-75.     ^he  correlation  co- 
efficient  (r  =  +  0.85)  was  positive  and  significant  at  P<.01. 

In  Vivo  -  In  Vitro  Relationship 

The  use  of  an  in  vitro  technique  in  assessing  the  nutri- 
tional quality  of  forages  depends  upon  its  accuracy  and  re- 
producibility in  predicting  a  given  animal  response.  The 
relationship  between  in  vivo    (sheep)   and  iii  vitro  (two-stage) 
OM  digestibility  of  Florida  66  alfalfa  at  three  stages  of 
maturity  was   found  to  have  the  following  regression  equation: 
Y  =  17.68  +  .75X;   S^^^  =  1.06;   r  =  +   .96,  where  Y  was  the 
dependent  variable  representing  percent  in  vivo  OMD  and  X, 
the  independent  variable  representing  %  IVOMD.     There  was  a 
very  high  and  significant   (P<.001)  positive  correlation 
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(r  =  +  0.96)  between  the  nine  pairs  of  data.     This  relation- 
ship is  illustrated  in  Figure  9. 

As  shown  in  Table  26,   with  the  exception  of   first  cut 
3-week  hay,   IVOMD  underestimated   iri  vivo  OM  digestibility 
coefficients  obtained  with  sheep  by  an  average  of  -1.7  units. 
The  sheep  in  these  trials  were  fed  at  a  10  to  15  percent 
refusal  level.     Data  presented   in  Table  26   show  that  IVOMD 
of  the  hay  refused   (orts)   by  sheep  in  all  the  nine  groups 
were  lower  than  IVOMD  of  the  original  hays  by  a  mean  of  -12.2 
percentage  units.     This  means  that  the  sheep  exercised  some 
degree  of  selection o f the  alfalfa  hay  offered,   a  fact  that 
may  account  in  part  for  the  observed  differences  between  in 
vivo  and  in  vitro  coefficients. 

At  the  time  of  writing,   no  in  vivo-in  vitro  digestibility 
relationships  on  alfalfa  had  been  found  in  the  literature. 
Barnes    (16)   found   that   the  two-stage  in  vitro  technique  was 
equally  effective  in  predicting  the  digestibility  of  both 
grasses  and  legumes,   and  in  a  collaborative   study  using  the 
two-stage  in  vitro  technique,   Barnes    (18)   reported  correlation 
coefficients   ranging  from  0.79   to   0.97   for  individual  labora- 
tories,  and  standard  errors  of   estimate  ranging  from  1.8  to 
4.4,    for   the   in  vivo-in  vitro   digestibility  relationship. 
Therefore,   the  low  standard  error  of  estimate    (Sy  ^  =  1.06) 
and  the  highly  significant    (P  <.001)   positive  correlation 

=  +  0.96)   between   In  vivo-in  vitro  digestibility  of 
Florida  66   alfalfa  which  was   obtained   in   this   study  gives 
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additional  credit  to  the  two-stage  in  vitro  technique,  espe- 
cially the  modification  by  Moore  et  al.    (144)  which  is  in 
use  at  the  Forages  Laboratory,   University  of  Florida. 

Intake  and  Digestibility  of  CP  by  Sheep 

Table  27   shows  average  daily  intake  data  of   total  and 
digestible  CP  and  its  apparent  digestibility  in  Florida  66 
alfalfa.     Within  maturity  groups,   first-cut  hays  had  higher 
total  and  digestible  CP  intake  than  subsequent  cuts.  Be- 
tween maturity  groups,   intake  of  total  and  digestible  CP 
decreased  with  increasing  maturity.     Average  daily  intake 
(g/kg  BW^^)   of  total  CP  ranged  from  14.8    (second  cut  6- 
week  hay)  which,   together  with  15.2    (third  cut   6-week  hay), 
were  significantly  the  lowest,   to  26.4   (first  cut  3-week 
hay)  which  was  significantly  the  highest.     Average  daily 
intake  of  digestible  CP  ranged  from  10.4    (third  cut  6-week 
hay)  which,   together  with  10.6   (second  cut  6-week  hay),  were 
significantly  the  lowest,    to  21.5   (first  cut   3-week  hay) 
which  was  significantly  the  highest. 

Within  maturity  groups,   first  cut  hays  had  higher  appa- 
rent digestibilities  of  CP,   while,   between  maturity  groups, 
mean  apparent  digestibility  decreased  with  increasing  matu- 
rity.    The  lowest  value,    67.8%,   was  from  the  third  cut  of 
6-week  hay,  while  78.4%  from  the  first  cut  of  3-week  hay  and 
78.1%  from  the   first  cut  of  4.5-week  hay  were  significantly 
the  highest. 
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Reduction  in  composition   (Table  24),   intake  and  digesti- 
bility  (Table  27)   of  CP  with  each  increase   in  the  cutting 
interval  reported  above  conforms  with  similar  reports  in  the 
literature,   especially  those  of  Weir  et  al .  (240). 

Intake  and  Digestibility  of  NDF 

Average  daily  intake   (g/kg  BW^^)   of  total  and  digestible 
NDF  in  Florida  66  alfalfa  by  sheep,   as  well  as  apparent  digest 
ibility  of  NDF,   are  shown  in  Table  28.     Within  each  of  the 
three  maturity  groups  total  NDF  intake  increased   steadily  at 
each  subsequent  cutting,   while  between  groups,   mean  total  NDF 
intake  increased  as  cutting  interval  was  lengthened.     The  low- 
est  total  NDF  intake  was  28.4,   and  the  highest  43.4,  g/kg 
.75 

BW         from  the  first  cut   3-week,   and  third  cut  6-week,  hay, 
respectively. 

Within  maturity  groups,   average  daily  intake  of  digestibl 
NDF  increased  at  each  subsequent  cutting  in  the   3-  and  6-week 
groups  but  had  no  definite  trend  in  the  4.5-week  group.  How- 
ever,  between  the  three  maturity  groups,   mean  intake  coeffi- 
cients increased  as  the  cutting  interval  was  lengthened. 

Percentages  of  apparent  digestibility  of  NDF  were  similar 
in  all  the  three  6-week  hays,    in  the  two  3-week  hays  and  in 
all  the  4.5-week  hays  except   the  first  cut  which  was  lower 
but  not   significantly  different   from  the   two   3-week  hays. 
Between  groups,   NDF  in  the  3-week  hays  was   the  most  digesti- 
ble,  while  mean  NDF  digestibility  in  the  4.5-  and  6-week 
hays  were  about   the  same.      In  a  similar  study.   Weir  et  al . 
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(240)   reported  no  difference  in  fiber   (crude)  digestibility 
at  the  4-  and  5-week  cutting  intervals,   but   the  fiber  of 
the  6-week  cutting  interval  was  markedly  less  digestible 
than  that  from  the  3-week  cutting  interval. 

Relationships  Among  Some  Components  of  Intake,  Digestibility 
and  Forage  Composition 

While  it  is  realized  that  animal  productivity  may  be 
related  more  closely  to  the  intake  of  digestible  energy  from 
forages   than  to  the  apparent  digestibility  of  dry  matter  or 
energy,   and  that  the  level  of  intake  may  not  necessarily  be 
related  to  digestibility   (207,   230)   it  has  nevertheless  been 
found  to  be  difficult  to  develop  a  laboratory  procedure  for 
the  prediction  of  intake  with  acceptable  accuracy.  Barnes 
(16),   for  instance,   has  found  that  the  standard  error  of 
estimate  for  the  prediction  of   in  vivo  digestibility  from 
±n  vitro  data  in  temperate  forages  was  of   the  order  of  2 
units,   while  the  standard  error  for  the  prediction  of  volun- 
tary intake  from  in  vitro  measurements  was  approximately  5 
units . 

The  relationships  between  chemical  entities  of  the 
hay  and  components  of  intake  and  digestibility  in  this  study 
were  established  by  regression  equations  shown  in  Table  29. 
There  was  a  positive  and  significant  correlation  between  CP 
and  digestible  crude  protein  intake    (DCPI) .     Digestible  CP 
intake  was  also  positively  and   significantly  correlated  with 
both  DOMI  and  percent   in  vivo  OM  digestibility.      There  was 
a  negative  and  significant  correlation  between  NDF  and  DOMI, 
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but  with  a  larger  standard  error  of  estimate   (S         =  3.80). 

y  •  X 

NDF,   CP  and  IVOMD  of  Leaf  and  Stem  Fractions 

The  percentage  of  NDF,   CP  and  IVOMD  leaf,   stem  and 
leaf  +  stem  fractions  of  nine  hays  of  Florida  66  alfalfa  at 
three  stages  of  maturity  are  presented  in  Table  30.  The 
leaf  to  stem  ratios  also  shown  in  the  table  show  that  the 
two  3-week  hays  had  the  highest  amounts  of  leaves   in  the 
hay.     The  first  cut  of  4.5-week,   and  third  cut  of  6-week 
hays  also  had  more  leaf  than  stem.     Between  the  three  matu- 
rity groups,   the  3-week  hays  had  the  highest  mean  leaf  to 
stem  ratio  while  mean  ratios  of  the  4.5-  and  6-week  hays 
were  similar. 

Thellowestleaf  to  stem  ratio  shown  in  the  4.5-week 
second  cut  cannotbe  explicitly  explained.     This  low  ratio 
was  later  reflected  in  the  quality  of  the  hay.     It  had  the 
lowest  DOMI,   and  one  of   the  three  lowest   in  vivo  OM  digesti- 
bilities   (Table  25).     Within  the  4.5-week  hays  the  second 
cut  hay  had  the  lowest  CP   (Table  24)   and   intake  of  digestible 
NDF   (Table  28).     Lastly,   orts    (hay  refused  by  sheep)  from 
the  4.5-week  hay  had  the  lowest   IVOMD   (Table  26). 

Percent  NDF  generally  increased  with  advancing  maturity 
in  leaf,   stem,   and  leaf  +  stem  material.     Within  each  matu- 
rity group,   NDF  tended  to   increase  at  each  subsequent  cutting. 
This  trend  was  more  distinct   in  the  leaf   fraction.     As  would 
be  expected,   mean  NDF  was  highest   in  stem   (59.0%),  moderate 
in  leaf  +  stem   (41.3%)   and  lowest   in  leaf  (28.1%). 
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Crude  protein  percentage  decreased  with  advancing  matu- 
rity in  the  reverse  order  of  NDF  namely,   highest   in  leaf 
(33.7%),   moderate  in  leaf  +  stem   (25.3%)   and  lowest  in  stem 
(13.7%).     Within  maturity  groups,    subsequent  cuts   tended  to 
have  lower  CP. 

Percent   IVOMD  generally  fell  as  the  cutting  interval 
was  lengthened.     Within  maturity  groups  subsequent  cuts  tend- 
ed to  have  lower  IVOMD  values.     Mean  IVOMD  was  highest  in 
the  material  with  the  lowest  NDF  and  highest  CP,   and  vice- 
versa,   i.e.,   highest  in  leaf    (75.2%),   moderate  in  leaf  +  stem 
(66.1%)   and  lowest  in  stem   (55.0%).     The  effect  of  NDF  and 
CP  on  IVOMD  was  further  determined  by  pooled  regression  analy- 
sis using  17   samples  of  Florida  66  alfalfa   (six  3-week,  six 
4.5-week,   and  five  6-week,   hays)   collected  from  the  same  re- 
spective strips  where  the  feeding  hays  were  cut,  between 
April  2  and  October  30,   1973.      The  pooled  regression  equations 
were : 

Y  =  101.  00  -   .  85X;    S         =  0.96;   r  =  -   .98,  P<.001 

y .  X 

=  45.  67  +  .94Xi;    S         =  2.09;   r  =  +  .90,  P<.001 

y  •  X. 

where  Y  and  Y^  were  dependent  variables   representing  IVOMD 
and  X  and  X^  were  independent  variables  representing  NDF  and 
CP,    respectively.      Thus,    percent   IVOMD   in  alfalfa  can  be  pre- 
dicted equally  well  by  both  NDF  and  CP,   although  using  CP  was 
associated  with  a  slightly  higher  standard  error  of  estimate 
(Sy.x  =  2.09). 

Data  presented  above  are  in  general  agreement  with  pre- 
vious reports   that  leafiness  in  alfalfa  is  associated  with 
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quality   (19,   196);   that  the  percentage  of  leaf  tissue  de- 
clines with  maturity   (108,   130,   148,   254);   and  that  stems 
contain  more  fiber  than  leaves   (108,   254).     Although  leafi- 
ness  alone  may  not  be  adequate  as  a  sole  criterion  of  nutri 
tional  q^uality  of  alfalfa,   quality  estimates  may  well  be 
improved  by  placing  more  emphasis  on  the  leaf  to  stem  ratio 
This  can  be  accomplished  by  cutting  at  an  appropriate  stage 
of  maturity,   by  using  cultivars  resistant   to  leaf  diseases, 
by  pest  control  and  by  proper  drying  and  handling  of  hay  in 
order  to  save  as  much  of  the  leaf  material  as  possible. 
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CHAPTER  VII 


SUMMARY  AND  CONCLUSIONS 

Investigations  were  carried  out  at  Gainesville,  Florida, 
on  various  management,  morphological  and  quality  aspects  of 
African  and  Florida  66  alfalfa  during  the  1972  and  1973  grow- 
ing seasons. 

In  the  first  experiment  ,   carbohydrate  reserves  were 
analyzed  weekly  by  the  takadiastase  enzyme  method  as  percent 
total  nonstructural  carbohydrates    (TNC,   DM  basis)    in  the  roots 
of  African  and  Florida  66  alfalfa  which  were  cut  at   3-  and 
6-week  intervals.      In  the  1972  growing  season,   Florida  66 
had  higher  TNC  than  African  at  corresponding  stages  of  matu- 
rity,  the  differences  being  significant    (P  <.05)   only  at 
the  6-week  cutting  interval.      Following  each  defoliation  in 
the  field,   TNC  declined   for  the   first   few  weeks  and  then 
started  to  rise,   indicating  that   initial  regrowth  of  alfalfa 
following  defoliation  occurred  at  the  expense  of   stored  TNC. 

From  November   15,    1972   through  October   29,    1973  root 
samples  for  TNC  analysis  were  collected  every  6  weeks  from 
African  and  Florida  66  cut  a  6-week  interval.        Florida  66 
had  a  significantly  higher  mean  TNC  content  thari"  African  at 
*^.01.     From  November  14,    the  TNC  content  of  both  cultivars 
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dropped  steadily  and  reached  their  lowest  levels   in  February. 
Then  there  was  a  moderate  build-up  leading  to  the  first  peak 
in  April.    This  indicated   that  stored  carbohydrates  were  uti- 
lized for  respiration  and  maintenance  during  Florida's  mild 
winter. 

An  alternative  method  of  assessing  food  reserves  in 
alfalfa  was  developed,   using  weekly  DM  yields  of  regrowth 
produced  in  a  dark  chamber  by  alfalfa-soil  plugs.     Florida  66 
produced  higher  DM  yields  of  regrowth  than  African  at  similar 
cutting  intervals  but   these  differences  were  not  significant 
at  P<.05.      In  all  cases,   the  dry  weight  of  regrowth  pro- 
duced in  the  dark  chamber  were  proportional  to  their  current 
TNC.     Regression  equations   for   the  prediction  of  TNC  using 
the  dry  weight  of  dark  chamber  regrowth  showed  highly  posi- 
tive and  significant    (P<.001)   correlations  between  the  two 
parameters . 

A  total  of  10  and  5  cuts  were  made  at   the  3-  and  6-week 
cutting  intervals,   respectively.      However,   total  DM  yield 
at  the  longer  interval  was  almost   twice  that  of   the  shorter 
interval.     Florida  66  produced  significantly  more  DM  than 
African  at  both  cutting  intervals   in  1972  and  at   the  6-week 
interval   in  1973. 

:         Morphologically,    the   first   15   cm  of   Florida   66  alfalfa's 
root   system  had  a  significantly  greater  proportion  in  the 
tap-root   than  African,    the  remaining  percentage   in  each  case 
being  made  up  of  branch-roots.      This  difference  was  more 
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pronounced  in  the  second  growing  season.      The  length  of  the 
cutting  interval  had  no  influence  on  the  number  of  stems  pro- 
duced by  African  and  Florida  66.      Between  cultivars,  African 
produced  a  significantly  greater  number  of   stems  per  plant 
than  Florida  66  in  both  years.    In  1972,   3-week  alfalfa 
plants  had  a  higher  leaf-to-stem  ratio  than  6-week  plants, 
within  cultivars.     Between  cultivars,   African  had  a  signifi- 
cantly higher  leaf-to-stem  ratio  than  Florida  66  at  corre- 
sponding cutting  intervals.     Mean  leaf-to-stem  ratios  of 
6-week  African  and  Florida  66  were  similar  in  1973.     At  the 
end  of  each  growing  season,   Florida  66  alfalfa  plants  had 
a  higher  rate  of  survival   than  African  at  corresponding 
cutting  intervals.     On  the  whole,  the  3-week  cutting  interval 
progressively  reduced  TNC ,   regrowth  potential,   stand  per- 
sistence and  DM  yields   of  both  cultivars  but  was  more  severe 
in  African. 

In  the  second  experiment,   herbage  DM  production,  per- 
sistence of   stands  and  percent  and  total  amounts  of  N,   P,  K, 
Ca,  Mg,   Fe,   Cu,   Zn  and  Mn  in  harvested  Florida  66  alfalfa  at 
different  rates  and   frequencies  of   fertilization  were  obtain- 
ed over  a  period  of   two  years.      In  each  season,   a  total  of 
seven  cuts  were  made  from  each  of   the  six  treatments  which 
were  cut  at   the  first   flower  stage  of  development.  Florida 
66  alfalfa  positively  responded   to   fertilizer  application 
as  DM  yields   increased  with   increasing   levels   of  fertiliza- 
tion up  to   the  highest  rate    (97.6  and  372  kg/ha  of  P  and  K, 
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respectively),    the  differences  in  response  between  treat- 
ments being  more  pronounced  in  the  second,   than  in  the 
first,   harvest   season.      Split  applications  of   the  highest 
two  treatments  produced  higher  yields  than  single  applica- 
tions in  the  second  harvest   season.     The  zero  fertilizer 
treatment  produced  the  least  yield  in  both  seasons.  Plant 
persistence  at   the  end  of  each  growing  season  was  enhanced 
by  higher  rates  of   fertilization.     The  zero  and  24.4  and 
93  kg/ha  of  P  and  K  treatments  had   the  lowest  plant  survi- 
val rates.     The  relationship  between  plant  survival  and 
herbage  DM  yields  was  apparently  more  associated  with  in- 
creasing fertilizer  rates   than  with  split  vs  single  appli- 
cat  ions . 

Percentages  of  Ca  and  Mg  in  alfalfa  tops  decreased 
with  increasing  amounts  o f fertilizer  both  in  1972  and  1973. 
These  were  within  the  range,   1  to  1.5%  for  Ca  and    .30%  for 
Mg  reported  as  normal  compositon  in  alfalfa  herbage  DM, 
respectively.     Amounts  of  Ca  and  Mg  removed  in  cut  herbage 
increased  with  increasing  amounts  of   fertilizer.     The  levels 
of  Fe,   Zn,   Cu  and  Mn  found   in  cut  herbage  were  all  within 
the  adequate  range. 

The  percentages  of  N  were  above  3.0%,    its  normal  compo- 
sition in  alfalfa,   decreasing   slightly  with  increasing  ferti- 
lizer rates.      The  percentages   of  N   in  1973  were   higher  than 
in  corresponding   treatments  In  1972,   but  within  years  there 
was  no  significant  difference  between  treatments,  including 
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the  control.     Likewise,   there  was  no  significant  difference 
between  concentrations  of  P.     All  treatments,    including  the 
control,   were  above  the  adequate  level  of   .30%,  indicating 
that  the  soil  of  the  experimental  area  had  adequate  amounts 
of  available  P  for  alfalfa  growth.     The  concentration  of  K 
in,   and  DM  yields  of,   alfalfa  were  significantly  increased 
by  increasing  rates  of  fertilization.     The  zero  fertilizer 
treatment  in  1972  and  93  kg/ha  of  K  in  splits  in  1973  fell 
below  2.0%,   the  adequate  level  of  K  in  alfalfa.  Amounts 
of  K  found  in  cut  herbage  per  hectare  were  nearly  as  high  as, 
and  sometimes  more  than,   the  amount  of  K  in  applied  fertili- 
zer plus  that  found  in  15  cm  of  top  soil.     Therefore,  after 
meeting  the  basic  requirements  for  Ca,   Mg  and  pH  through 
liming,   and  micronutrients  through  periodic  application  of 
fritted  trace  elements,   K  was  the  nutrient  most  likely  to 
become  limiting  in  alfalfa  production  on  this  soil. 

In  Experiment  III,   Florida  66  alfalfa  was  cut  at  two 
intervals  within  three  different  criteria,   namely,  fixed 
calendar  date   (3  and  6  weeks),   physiological  stage  of  matu- 
rity  (first  flower  and  full  bloom)   and  accumulated  heat 
units    (1000  and  1500).      In  terms  of  weeks,    the  first  flower 
and  1000  h.u.    cutting  schedules  averaged  4  weeks,   while  the 
full  bloom  and  1500  h.u.   averaged  5  and  6  weeks,  respectively. 
In  terms  of  heat  units,    the  3-week  stage  of  maturity  aver- 
aged 780  h.u,,   while  the   first   flower,    full  bloom  and  6-week 
schedules  averaged  1112,   1385  and  1571  h.u.,  respectively. 
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Time  intervals  between  cuts  based  on  flowering  stages  and 
heat  units  were  longer  during  the  cooler  parts  of  the  grow- 
ing season,   i.e.,    in  mid-spring  and  the  first  half  of  fall. 

The  total  number'ixf  cuts  per  treatment  ranged  from  5  ; 
to  10.      In  general,   DM  yields  increased  as  the  cutting  in- 
terval was  lengthened.      In  each  year,   the  6-week  fixed  cut- 
ting interval  produced  the  highest  DM  yield,   and  the  3-week 
interval,   the  lowest.     Herbage  DM  production  in  1973  was 
lower  than  at  corresponding  treatments  in  1972.     The  highest 
and  lowest  concentration  of  crude  protein   (CP)  was  found  in 
the  3-  and  6-week  old  alfalfa,   respectively.     However,  the 
total  yield  of  CP  per  hectare  increased  with  increasing  DM 
yields,   being  lowest  where  cutting  intervals  were  shorter. 
The  percentage  of  CP  in  1973  were  higher  than  those  of  1972 
at  corresponding  treatments.     The  yield  of  CP  per  hectare  was 
influenced  more  by  DM  yield  than  by  the  percentage  of  CP  in 
herbage.      Thus,   the  highest  and  lowest   2-year  yields  of  CP 
per  hectare  were  from  the  6-  and  3-week  cutting  schedules, 
re-spectively.     The  value  of  alfalfa  as  a  source  of  protein 
was  demonstrated  by  high  levels  of  CP  at  advanced  stages  of 
maturity   (e.g.,   18%  at   6  weeks)   which  cannot  be  obtained  in 
most  other  forages  at  comparative  or  lower  stages  of  maturity. 

The  percentage  of  in  vitro  organic  matter  digestion 
(IVOMD),   like  CP,   decreased  with  advancing  maturity.  Per- 
centages of  IVOMD  in  1973  were  higher  than  for  corresponding 
treatments  in  1972.      In  both  years  the  yield  of  DOM  was 
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partly  influenced  by  IVOMD,  but  largely  by  total  herbage  DM 
yield  per  hectare.     Thus,   for  the  2-year  period,    the  highest 
and  the  lowest   IVOMD,   and  the  lowest  and  the  highest  DOM  per 
hectare,   were  from  3-  and  6-week  old  alfalfa,  respectively. 

In  both  years,    the  persistence  of  Florida  66  was  gener- 
ally higher  where  the  cutting  intervals  were  longer.  The 
3-week  cutting  interval  had  the  lowest,  while  cutting  at 
full  bloom  had  the  highest,   survival  rate.     The  6-week  inter- 
val had  the   second  highest  survival  rate  in  both  seasons. 
However,   since  the  highest  yield  of  DM,    CP  and  DOM  per  hec- 
tare were  from  this   treatment,   the  6-week, of  nearest  inter- 
val, was  considered  as  the  best  cutting  schedule  for  Florida 
66  alfalfa. 

The  chemical  composition,   intake    (sheep)   and  digesti- 
bility  (sheep    of.  in  vitro)   of  Florida  66  alfalfa  at  three 
fixed  cutting  intervals  were  studied  in  Experiment   IV.  Used 
in  the  feeding  study  were  a  total  of  2,   4  and  3  hays  cut  at 
3-,   4.5-  and  6-week  intervals,   respectively,   between  April  2 
and  August  9,   1973.      Crude  protein  percentage  decreased  at 
each  consecutive  cutting  within  maturity  groups.  Neutral 
detergent   fiber   (NDF)   increased  progressively  with  subsequent 
cuts.     Generally,   subsequent  cuts  were  also  less  digestible 
(IVOMD)    than   the  previous  or   initial   cuts.      In  most   or  all 
cases,   the  nine  hays  which  were  chopped  and  fed  to   sheep  had 
less  CP,   more  NDF  and  lower  IVOMD  than  field  samples  collected 
at  similar  stages  of  growth.     This  was  attributed  mainly  to 
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loss  of  tender  leaves  and  stems  during  the  process  of  hay- 
making and  chopping  which  the  field  samples  did  not  go  through. 

Average  daily ttatal organic  matter   (OM)   intake  in  g/kg 
BW*^^  decreased  with  increasing  maturity,   but  there  was  no 
significant  difference  between  intake  of  all  the  nine  hays. 
However,   within  maturity  groups,   digestible  OM  intake  (DOMI) 
generally  decreased  with  subsequent  cuts,   while  between  matu- 
rity groups,  mean  DOMI  decreased  with  increasing  maturity. 
There  was  a  positive  and  significant  correlation   (r  =  +  .85) 
between  in  vivo  OM  digestibility   (OMD)   and  DOMI.     There  was 
also  a  very  high  and  significant    (P<.001)   and  positive 
correlation   (r  =  +  .96)between  IVOMD  and  in  vivo  OMD.  How- 
ever,  the  IVOMD  of  the  same  hays  was  on  average  1.7  percentage 
units  lower  than  the  in  vivo  OMD  units,   due  mainly  to  some 
degree  of  selection  by  sheep  which  were  fed  at  a  10  to  15% 
refusal  level. 

Within  maturity  groups,   first-cut  hays  had  higher  total 
and  digestible  CP  intake  and  higher  apparent  digestibility 
of  CP.      Between  the  three  maturity  groups,   intake  of  total 
and  digestible  CP  as  well  a  apparent  digestibility  of  CP 
decreased  with  increasing  maturity.     Within  maturity  groups, 
total  and  digestible  NDF  intake  increased  steadily  with  subse- 
quent cuts,   while  between  groups  means  intake  of   total  digest- 
ible NDF  increased  with  advancing  maturity.     Apparent  digesti- 
bility of  NDF  was  generally  similar  within  maturity  groups, 
while  between  groups,   NDF  in  3-week  hays  was  more  digestible 
than  in  the  4.5-  and  6-week  hays.     There  were  positive  and 
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significant  correlations  between  CP  and  digestible  CP  intake; 
digestibleiCP  intake  was  also  positively  and  significantly 
correlated  with  both  DOMI  and  in  vivo  OMD.     The  correlation 
between  NDF  and  DOMI  was  negative  and  significant. 

Between  maturity  groups,   the  3-week  hays  had  higher 
mean  leaf-to-stem  ratios  than  the  4.5-  and  6-week  hays.  Per- 
cent NDF  generally  increased  with  advancing  maturity  in  leaf 
and  stem  fractions,   being  highest   in  the  stem,  moderate  in 
the  leaf  +  stem  and  lowest  in  the  leaf.     By  contrast,  CP 
was  highest   in  the  leaf,   moderate  in  the  leaf  +  stem  and 
lowest  in  the  stem.     Mean  IVOMD  was  highest   in  leaf,  moderate 
in  leaf  +  stem  and  lowest  in  stem.     Thus,   the  quality  of 
alfalfa  may  well  be  improved  by  placing  more  emphasis  on  the 
leaf  to  stem  ratio,   which  can  be  accomplished  by  cutting  at 
an  appropriate  stage  of  maturity,   by  pest  and  disease  control, 
and  by  proper  drying  and  handling  of  the  hay  in  order  to  save 
as  much  of  the  hay  as  possible. 

These  results,   therefore,   support  and  justify  the  follow- 
ing conclusions: 

(i)     The  greater  persistence  of  Florida  66  over  African 
alfalfa  may  partly  be  due  to  higher  levels  of  carbohydrate 
reserves  stored   in  its  roots,   especially  under  long  intervals 
between  cuts.     A  more  developed  tap-root  system  found  in 
Florida  66  may  also  afford  the  plants  better  means  of  survi- 
val through  anchorage  and  access   to  water  and  nutrients  from 
greater  soil  depths. 
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(ii)  Carbohydrate  food  reserves  in  alfalfa  are  estimable 
by  the  dry  weight  of  regrowth  in  the  dark,   the  two  of  which 
were  found  to  be  highly  and  positively  correlated. 

(iii)  Initial  regrowth  of  alfalfa  in  the  field  following 
each  defoliation  apparently  occurred  at  the  expense  of  stored 
TNC.     By  inference,   therefore,   the  potential  for  Florida  66 

to  produce  more  DM  than  African  was  partly  derived  from  its 
higher  TNC  reserve. 

(iv)  During  Florida's  mild  winter,   stored  TNC  were 
evidently  utilized  by  African  and  Florida  66  alfalfa  for 
respiration  and  maintenance  through  a  period  of  little  or  no 
growth . 

(v)  Shorter  cutting  intervals   (3-week)   severely  and 
progressively  reduced  TNC,    stand  persistence  and  DM  yields 
of  both  African  and  Florida  66  alfalfa. 

(vi)  After  meeting  the  basic  requirements  for  pH,  Ca 
and  Mg  through  liming,   and  the  micronutrients  through  periodic 
application  of  FTE,   DM  production  and  persistence  of  Florida 
66  were  enhanced  by  K  fertilization  up   to  the  highest  rate 
used    (372  kg/ha/year).     Response  to  split  applications  at 
higher  rates  of  fertilization  was  only  evident   in  the  second 
season . 

(vii)  At  early  stages  of  maturity,   alfalfa  hay  was  low 
in  NDF,   high  in  CP  and  digestibility,   but  was  low  in  CP  and 
DOM  yield  per  hectare.     The  highest  yield  of  DM,   CP  and  DOM 
per  hectare  were  obtained  from  a  6-week,   or  nearest,  cutting 
interval . 
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(vlii)     Chopped  hay  contained  less  CP,   more  NDF  and  was 
less  digestible   (IVOMD)   than  alfalfa  field  samples  mainly  due 
to  loss  of  tender  parts  during  the  entire  process  of  hay 
making  and  handling. 

(ix)  Second  season  alfalfa  had  more  CP  and  IVOMD  but 
less  DM  yield  per  hectare.     At  the  same  cutting  interval  with- 
in a  season,   subsequent   cuts  tended  to  have  more  NDF  and  lower 
DOMI,   total  and  digestible  CP  intake  and  digestibility.  Be- 
tween maturity  groups,   DOMI,   total  and  digestible  CP  and  NDF 
intake,   and  nutrient  digestibilities  diminished  with  increas- 
ing maturity. 

(x)  Younger  alfalfa  had  higher  leaf-to-stem  ratios 
than  older  alfalfa.     The  leaf  fraction  had  higher  CP,  IVOMD 
and  lower  NDF  than  the  stem  fraction;   leaf  +  stem  having 
intermediate  values. 

(xi)  The  relationship  between  in  vivo  and  in  vitro  OM 
digestibility  was  positive  and  highly  significant.  Slight 
underestimation  of  in  vivo  OMD  by  IVOMD  was  unavoidably  due 
to  some  degree  of   selection  by  sheep  of  the  hay  offered. 

(xii)  Digestible  OM  intake  and  In  vivo  OMD  of  the  hay 
were  highly  and  positively  correlated  with  CP  and  DCPI. 

The  value  of  alfalfa  as  an  imminent  source  of  protein  for 
human  consumption  and  livestock  feed  supplements  was  further 
demonstrated  by  high  levels  of  CP  even  at  advanced  stages  of 
maturity . 
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